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Executive Summary

Plastic pipe is increasingly being used in place of traditional materials (copper, steel, concrete, vitrified
clay} in a variety of applications. Lower material cost, ease of installation, resistance to chemicals,
resilience and durability are key characteristics that have made plastic pipe popular. However, increasing
concemns have been raised in recent years about the environmental profile of plastic pipe. Particular
concern has been raised about the chemicals used in plastic pipe production and otherwise associated
with the life cycle of these pipes. While sharing a common origin in fossil fuels, each of the different
plastics used in pipes is manufactured through different procedures and contains diferent chemicals with
unique environmental characteristics. This report was commissioned by the&%i;y of San Frandisco to
identify key attibutes of the different plastic pipe types to assist the City&y alfdning its pipe purchasing
policies with its chemical and other environmental concem policies.
This study seeks to answer the question of whether there are sig_;}lj?;%nt iffete)

used to manufacture pipes with a focus on priority environmengal’ galth imp\ﬁ <and end of life
recyclability. No determination is made on whether plastics %}?mer more or | \%\graferabie to the
traditional materials used to manufacture pipes. Rather th@*\e( uation is for deciSiofzmakers interested

in understanding the environmental differences bet\nreg»m/é ics.

.

felences between the plastics

recyclability and performance. The chemical hazard andirecycla \\é‘gssessments evaluate the

il
. - ™ . . \ R Qk S ¥
environmental sustainability of plastics, while the performé‘\%e\aghs&é\:s%\ment gauges the technical, market,

and economic viability of the materials in different application
=

Five plastics commonly used in pipes are'd i
Acrylonitrile butadiene styrene (ABé:\\\’

In this report, the plastics used to manufacture pipesiat éaé;atyzed ar&%é%ggmpared for c}
K

&

e High density polyethylene {HDPE)

e Cross-linked polyethylen (E{@X}

s Polypropylene (PP)& 7 s 1 :

«  Polyvinyl chlon%%%? C and CBYC") .

The emphasis of meétjf;é’/gfﬁrd assessme\\né{fnethod use@/rl this reportis to prevent pollution at the
source by avoiding mateh g&;s and pr@q;gg\es s that use ot/generate priority hazardous chemicals. Rather
than attempting to deterrh'r’r,/;;a;}?tpeAqy@ﬁﬁ%i@gﬂt@ﬁegﬁc&%enemmd as pollution and minimizing the
volume of thosesdischarges,” j *‘\R@'_érd asse smg{,é/éﬁi‘e?hod guides decision-makers to materials that are
less hazardoUsAsrosSitheir lifésiv,%}?c_te by prioritizing the avoidance of chemicals that are chronic

0
i Wﬁk . P :
human figaith hazards persistentior bicaccumulative.
y W S -
The cg)z\\g@rpa! hazards ex gﬁ{jmed whq%e}na[yzmg the life cycle of these materials include:

carcin@gé@g&ity, mutagenicityf/’:{f’_ roducﬁégtoxidty, endocrine disruption, persistence, and
bioaccumiiagtive capacity? Prigrity Chernicals in this study are hazardous chemicals that have been

targeted forregugtion or elimination on a select set of US and international governmental lists.® in this

analysis, iher@f?}:g}\\g}a preferagl%gfasﬁc is one that does not use as input or generate as output a chemical
on the referencedéé’.quemmg;{}f ;@chemical hazard lists and that is truly closed loop recyclable with a
strong inffastmcturé%@tacilrtai_e that recycling.

' oPVC - chlorinated polyvinyl chioride. A modified form of polyvinyl chloride that has more chiorine atoms per
repeating monomer unit than does the polyvinyl chioride molecule. This extra chiorine gives CPVC strength at higher
temperatures than PVC.

2 This report does not examine ail the potential hazards — including ergonomics, flammability, corrosivity, and
neurotoxicity — associated with a chemical.

3 Priority Chemicals of Highest Concermn for this study are those in the Stockholm Convention on Persistent
Organic Pollutants, Priority Persistent Bioaccumulative Toxic (PBT) Pollutants and Priority Chemicals lists by the US
Environmentat Protection Agency (USEPA) and Chemicats for Priority Action by the Oslo-Paris Corvention for the
Protection of the Marine Environment of the North East Atlantic (OSPAR).
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The analysis of the existing data leads to four primary conclusions:

o HDPE and PP are the most environmentally preferable plastics currently used to manufacture
pipes under this chemical hazard and recydability based analysis with no significant distinction
between them. Yet even these plastics have their environmental downsides.

e HDPE, PP, and PEX create fewer chemical hazards of high concern across their life cycles than
ABS and PVC.

o Plastic pipes are currently seldom recycled. Yet of the plastics used to manufacture pipes, a few
general trends emerged. HDPE and PP are the most recyclable and recycled of the plastics
(used in pipes). While ABS is recyclable, the recycling markets are small. PEXis inherently
difficult to recvcle. Finally, while PVC is recyclable under some circumstances, itis considered a

contaminant in many recycling programs and its use is Encreasingw?;@ded in the automotive
sector. . yo

s Plastic pipe alternatives exist in the Prefer category in this ana%\?_v A HDPE and PP) that perform
equal to or better than the plastics in the Avoid and Concernit tegaries (PVC, ABS and PEX) for
each of the pipe applications studied. Availability of prefgfﬁ;gl ;&%\é’@ves is good in North

VW) appli ’%g? The entry of new

American markets with the exception of drain«waste-\jr,//,’./t( catior
PP and HDPE products, with encouragement from &‘\Q{ﬂ’d {ooking envir n é,entaiiy preferable
purchasing policies, is expected to expand availability & preferable a!tem}mé/-’é\ppﬁons in the
- North American market for all applications, li\\g%/d/g Dwv. P % \K\%// /
All the plastic materials examined here have a COmMORTS aq‘f@in in crude oil andg%mra! gas.

\taw\materizg\k
The extraction and refining of oil and gas generate Prio%ﬁﬁhgmi@ﬁﬁ%pmducts. All the plastics

examined here, therefore, share a common set of chemicalfi3; @ﬂ%""from these processes,

N N,
PVC is slightly different than the other ptai%\t@ ___?use 57% of’ / .
additives) is from chlorine manufactured fro bﬂﬁ._,%@s}/a\i\%«water) inst‘g\g%gf from petrochemicals. Chlorine
mantufacture, however, also creates a similarset of Priokity _rgemicak@b roducts. Neither chlorine
ﬁ n%“
ey

e weight of raw PVC resin (before

manufacturing nor oll and gas refiningis a mtﬁ%ﬁe\nviromﬁ - agr%%oreferé”b e production system. Therefore

the environmental differences between plast:cs-’éigerged V:

ce merge/g @& ‘@gg;}gy after the raw material extraction
and refining stages. In this anal m@ﬁ@? and PVC standiout for theizlinique association with Priority

Chemicals of Highest Copicerm througholt the restipf their life cycles.
PVC is the only p#ast;,g://}g;(\ammed in tht\< \gpo:t to havepersistent organic pollutants (POPs) targeted for
elimination by the Stockhdlim Convegﬁ?g‘\c;hmughouti\t

notr nion i “hite cycle — that is, after the exiraction and refining
stages that all plastics sﬁa‘ﬁfﬁ«_ hrogighotithe rjg;aouufact%mf PVC, dioxins, furans, hexachlorobenzene,

A A SN2 2 . X
and PCBs W?e una%}a@:i\@g y produc ,%pgjggp[y because of its chlorine content.
‘e firtheras

Dioxins af sﬁi‘él ted M@%the combustion of PVC products both during the use phase in

4 S

N sy f ey 2 PPN PR 1
accu?%@ ,t%gbuﬁdmg and%%g{ie ﬁres%%}g at the end of life in incineration and landfili fires.

The th ique toxicity of these’%fé%mlcais%j’gn\g with their persistent and bioaccumulative nature, has made
them a to “or elimination® . PVC is also the only ptastic examined here to have
oy

@jﬁmﬁemationai priority.fs
OSPAR Chg’ijﬂ/\f\&\als for Priority @ﬁon (organotins, lead, and possibly cadmium) in the final product itself.
g ‘
Both ABS an@%‘ﬁ@ﬁer fron;%’efother plastics in their use of carcinogens®, mutagens,
I %///-;@ants, and endocrine disruptors, either as inputs into the manufacturing
the

reproductive/develg imental
process and/or as iﬁﬂ%{s&'l@%{ e final product.’

Recyclabilityis evaluate/é“\\?i" primarily on indicators from current recycling markets and evaluations from
parallel industries utilizing these plastics. Little recycling is being done with any plastic pipes. All of the
plastics are theoretically recyclable and token plastic pipe recycling programs exist for each’. However
there are significant moves away from PVC, because itis difficult to recycle, and toward the polyolefins

* Stockholm encourages product substitution as a method to eliminate these chemicals, reinforcing the importance of
?revention through establishing preferences rather than through risk assessment based pollution managsment.

All of the polymers do use one carcinogen - carbon black - for pipes that may be exposed to UV (ultraviolet) light.
% Note that the analysis is limited to the chemical class level for many of the additives used to manufacture plastic
?ipes as the specific chemical data is considered proprietary by manufacturers.

Although for PEX the enly known programs are waste to energy conversion, not true recycling,
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(HDPE and PP), with ABS somewhere in the middle. The data indicate that the markets for recydling
HDPE and PP will be more robust than PVC and PEX in the future with ABS less certain.

Performance is evaluated on installation, cost, availability and chemical resistance, durability, life span
and other related issues. Use of PEX is restricted to relatively small diameter indoor water distribution
applications and ABS is generally only used for DWV applications. PVC, PP and HDPE all perform
satisfactorily in all applications. Avaitability is good for all types except for PP in North America.

Table 1 summarizes the results of the analysis and the conclusions of this report.

The hazard and recycling assessments clearly indicate that HDPE and PP are more enﬁrenmentally

preferable than PVC. ABS and FEX cccupy a middle ground of concermn bgt;&{tgwé'fen PVC at least preferable
and HDPE / PP at most preferable. ABS is in the middle ground becauzgv;}/?j 1S better recydling profile
than PVC. While PEX is preferable to ABS and PVC on chemical ha ,/questions remain about its
recyclability. , Y
Performance characteristics are generally not an obstacle to usingt least o -,{ga{the polyolefins (HDPE,

PP or PEX) to replace the PVC and ABS materials in each g a
bs

gplication and m }I\o\\a\raslabﬁtty is growing
in all areas. DWV is the only area with market availability g /}}; 9&/

8
fadles significant endtigt o slow down
replacement at this time.

Table 1. Sumunary of Plasti

HDPE
Summary of “ess
chemical hazard & chemical chemical
labili hazard hazard
recyclability -good good
assessments

recyclability | recyclability

Stockholm POPs
{outputs after refining)

OSPAR & USEPAPBT
& Priority Chemical
{inputs)

Chronic toxicants; l

Carcinpgens,

mutagens, \\v'/< ;
ci@.\ahtelr.v5:nmentai;\ra‘\\¥\\/</<éi 4
é’} ants

reproductiveox
or endoc;;&?/e/%

g djs-

ruptor {irip \s)\

Other PBT Qu
- Recyclability’Asse:
Summary recycling 53}
markets and “‘“ﬁ
recyclability
assessment

=

Recyclable
but small
markets

— Performance / Availability Assessment;

- Water distribution GoodiGood Not used/NA || GoodiGood* | Good/Poor” | Gaod/Goad®

- Drain/Waste/Vent Good/Good GoodiGood | Notused/NA® | GoodiPoor | Notused/NA [’
- Sanitary sewer Good/Good TNotGged/NA - | NotusedMNA: | Goad/Poor Good/Good

~ Storm sewer Good/Good “Notused/A . 1 .Not usediNA? | GoodiNone - .| Good/Good
“lrrigation & drainage | Good/Good ‘Not uged/NA of usadiNA? T Qaod/None - 1| GoodiGood.

- Irrigation & drainage Good/Goaod Not usediNA - |- Not Used/NA' || Good/Poor Good/Good

SPEX is used only in smalt diametar piping primarily for water distribution and radiant systems in buildings, HDPE for water distribution is
used primarily in larger diametar piping outside the building. PP is just baginning to be marketed in North Amarica
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Introduction

Plastic pipe is increasingly being used in place of traditional materials (copper, steel, concrete, vitrified
clay) in a variety of applications. Lower material cost, ease of installation, resistance to chemicals,
resilience and durabiiity are key characteristics that have made plastic pipe popular. However, increasing
congerns have been raised in recent years about the environmental profite of plastic pipe. Particular
concern has been raised about the chemicals used in plastic pipe production and otherwise associated
with the life cycle of these pipes. While sharing a common origin in fossil fuels, each of the different
plastic pipe polymers is manufactured through different procedures and contains different chemicals with
unique environmental characteristics. This report was commissioned by the City of San Erandisco to
identify key attributes of the different plastic pipe polymers to assist the City;inialigning its pipe purchasing
policies with its chemical and other environmental concermn policies. \\/7

This report surveys currenily available data about chemicals associat@?i’ th the life cyde of five major
polymers commonly used in plastic pipes (ABS, HDPE, PEX, PP%@&é \*\g’/yassesses each polymer
type by the characteristics of chemicals associated with it - sug%a Jpersistengéibioaccumulation,
carcinogenicity and reproduciive toxicity - and whether any g\f\:;}p se chemicats\\'ﬁ)g\v been identified on a
select set of national and international governmental lists ﬁ%é/f chemicals of pol ity toncern, The report

also briefly looks at end of life options for recycling of tyhe 2 d }fferent pipe polymers. Thepiperformance of
each of the plastics pipe polymers is evaluated for a%@y of primary ,ﬂses. \‘%%
e 2
The report concludes with recommendations for pipe p [&\ ers to %\gﬁﬁ“ased upon partlc (gyrly poor
environmental profiles where alternafives exist that peﬁcr%%&;ggﬁggqually well.
52 '\’f//“:}*

Assessment protocol D

The five plastic pipe polymers compared ar S
Acrylonitrile butadiene styrene (ABS)%

High density polyethylene (HDPE)
Cross-linked polyell *ﬂ:é”he(P%gﬁg)
Polyp‘ropytene‘g@y/ é/f/é
Polyviny! chloride/(PVC, CPV &)é
The applications assessetiare: O

s Water distributiéhex, 7
‘//‘Uf

o 5 e A
. Draig\»l;. s}é&and Ven 'QQN“;') /
) Ny A
. Sfa’ﬁ\i;al%@/ Wek /5%%{}
Storm Sewer "% )

* . AL

o7 \Intigation and Draiage i 7,

-%\t\{%t and conduit %\ ////j’//////%\
The anai\}«“;;g@gf hazards, recyéégi[ity, and performance are designed-to assist the City in aligning its pipe
purchasing ‘policy with four key ity values:

“enem oy el . .
e Reducing 2 emical }g@ rards: The City has taken a series of measures to reduce the toxic
hazards é’éé‘obi%ted(wi{}ﬁats operations in the City and in the larger environment beyond the City

o

e

limits. Partict artys 'gi‘fant to this analysis is the City and County Commission on the
Environment’s"(t}\}%a‘n Resolution (No. 021-098-COE), which resolved to designate dioxin pollution
as a high priority for elimination. This report identifies the key environmental health concerns
associated with the chemicals used and released in the life cycle of each pipe material.

s Precautionary principle: The City of San Francisco has committed to identifying areas of its
purchasing policy that impact issues where threats of serious or irreversible damage to people or
natural systems exist. Plastic pipes have been identified as one of those areas due {o the
chemical releases associated with polymer manufacture, use and disposal. This report provides

the careful analysis of alternative plastic pipes that the precautionary principle requires, using the

® The closely related chiorinated palyvinyl chioride or CPVC, used for higher temperature water delivery pipes, is
considerad a variant of PVC and not separately treated for this analysis,
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best science available to help the City select materials t’nat present the least potentiatl threat to
human health and natural systems across their life cycle®.

o  Zero waste! The assessment evaluates recyclability for each of the materials to help the City
move toward its goal of realizing a zero waste materials stream.

» High performance: The assessment identifies relative performance issues for each plastic pipe
polymer to assist the City in assuring that it uses materials that will perform well, be durable, cost
effective and last in thelr application.

The final summary evaluation is a qualitative analysis based upon absolute screening criteria, not a
quantitative impact analysis.
g evaluation:
%oal is to eliminate the use
is is assessed by screening
use or generation of

d; dentified on US EPA,

he plastidéaare then categorized into

s Characterizes chemical hazards across the life cycle of pipes. [
of plastics that contribute to key environmentai health concerr\ \5 {q
the life cycle of the target plastic polymers and their additn}gé%rﬁ 1 g
chemicals listed in the Stockholm POPs and OSPAR ag[?
California Proposition 65, and other key governmental Jist
a hierarchy of concern based upon this hazard s?

/

g h

o Characterizes recycling options at the end of li king at both current recyclmg rates and

potential recyclability, mdudmg compahbmty @E M her fecyclmg streams. The'pl hcs are
categcrlzed for preferability in this area with th& al fo maxir e potential for re \sgiéancf recyding
and minimize waste. Y \&\\\

+ Creates a hierarchy of piastic pipe, @es bringing oi “@1} Fthe results of the screening criteria

applied to these chemical hazard A (eg eqxclablilty ;)rof lpe types are clustered info Avoid,
s, the tdea} rable plastic is one that does not

q g
mteal % %{ edon tlsg% \referenced governmental priority

Concern and Prefer categories. In\
use as input or generate as output &3

5‘

chemical lists and that is truly closedlg /9\\ recy V\q nfrastructure to facilitate that
recycling. % ’/’i/{,% /\/\\\%{«/‘e
s Summarizes the app{ gelfonnaace%? teristics foreach pipe type and addresses how

they apply to dt@jﬂt typical /ia ications.

\pzpe apphca\t; category to determine if pipes made from

© .o Assesses pejl jormance in e%-\
polymers whlcﬁo/raie better og ’ nermcal hé/ a’rd and recyclability screening can be substituted

for the polymer typ;e

{{%/\éyw %»‘/%\.'\{\\/d ‘(\W” a

Hazardﬁ sess nt K‘”‘%’“

“fﬁ/ Y

Intré@ ptuon //Z/// %

The as ent focuses on thgéhfe cyc!ef “of the pipe products from organic chemical production to end-

of-life dlspos h\\ Thisis a quahta ve fife cycle hazard assessment!’ which identifies the use and
generation of’}: pers:stent Qr ¥ bioaccumulative chemicals associated with each material. Because the
purpose of this ¢ as s\sment igih e used as a guide for preventive and precautionary action, the
assessment is bas g ﬁfylng the presence rather than volume of toxic, persistent, or
bioaccumulative chemtca 3 n”the material's life cycle. The primacy of pollution prevention as the
method for managing to@\a chemicals was established by the Pollution Prevention Act of 1890:

The Congress hereby declares it to be the nationat policy of the United States
that pollution should be prevented or reduced at the source whenever feasible;
pollution that cannot be prevented should be recycled in an environmentally safe
manner, whenever feasible; pollution that cannot be prevented or recycled

¢ For more discussion of the precautionary principle, see Appendix 1

Y The reasons for separate handling of the initial stages of raw materials extraction and processing are explained
later in the text under Inventorying Inputs and Outputs in the Life Cycles of the Plastics.
1 eor further discussion of the difference between a life cycle hazard assessment and other forms of life cycle
assessments (LCA) see Appendix 1
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should be freated in an environmentally safe manner whenever feasible; and
disposal or other release into the environment should be employed only as a last
resort and should be conducted in an environmentally safe manner.

The emphasis of the analytic method used in this report is to prevent pollution at the source, avoiding
materials and processes that use or generate the most hazardous chemicals. Rather than attempting to
determine the quantity of all chemicals generated as pollution and minimizing the volume of those
discharges through end-of-pipe treatment, this assessment method guides decision-makers to deal
with pollution problems through substitution with materials that use and generate as byproduct
across their life cycle, chemicals that are less hazardous - prioritizing the avoidance of chronic
human health toxicants, persistent chemicals, or bioaccumuiative che "ls.“

A0

: H . A
To achieve this goal we: \\J/
1. Inventory: fﬁﬁ S
o Inputs: the chemicals that are used as feedstocks or intef:‘-‘%’ zdiariesiiyroduction of each of the
products and \//)} &
e Outputs: those chemicals that are byproducts fromy h 7 roduction, use, oiydisposal of the
material. /g@’ 5

| ‘ y | <
2. Compare: \\\/%& @, %ﬁ%

e chemical inputs and outputs against a set of Priorit h(\3heigglj3":{\’%)[?3 of Highest Concer?% primarily
persistent bicaccumulative toxic (PBT) chemicals,dar %g@ghy national and international
governmental agreements for elirgipation (see lists b W) and

e chemical inputs against governmehia -__Ij\jf;gni toxicant Eis{gﬁ{%rcinogens, mutagens,

reproductive toxicants, and endocﬁgg\:}\}djsmp,e and verﬂ;@ﬁi\%s%stent of very bicaccumulative

)

chemicals. Y

3. Priofitize:

&y

G

Order plastic Saterials onthe basis 6favbidance of key chemicals of concern from each list.
p Plpg/// l}?///@/ /////a,/,\ y ch lis

. N A .
Priority Chemrcafg?;‘o\f Highest&oncern @%
T;aish asses?mznt ﬁ;st;dé%‘:{gg%s leg%fy?c ed 3%{“%9; Higggst Comt:grndbaszd u{)hon thetfottm;vitng four lists
of chemicals ideptified and’pribyitized-for rediiction by, overnment bodies due their potential to damage
human ang%%fn‘@%ﬁmemal 1?(;%’(:@\\\\ . P e

» ,s,‘tc/:; holi -‘,,»;ventio’r‘i"{gjﬁ{\g\ersistent Organic Pollutants (POPs)', which is a short list of very

,s‘f,ﬁ%'rsistent, bioé@’%m aﬁv%ﬁ toxic organic chemicals targeted for phase-cut by international
%ﬁ\\ﬁigreement. The U@%gpverﬁs%?}}//t has signed, but not ratified, the Stockholm Gonvention.
® /“\\\\?;ﬁe us ﬁnvimnmen(é!ﬁ\?mte igjﬁ\- Agency’s Pricrity (EPA’s) Persistent and
Bi%i%’&&umulative To;dg\g;,f(PET) Chemicals™. PBTs that have been identified by the EPA for

nati@f’{q‘ili\g\gﬁon plans. %

. OSIo-ﬁag;ig\,gonventi_é‘\; _f,for the Protection of the Marine Environment of the North East
Atlantic (@$§@R) LiSt of Chemicals for Priority Action '> managed by the European
Commission’ %’x icals on the OSPAR list are of high concern for water toxicity.

o The US EPA Pn‘g:\?: y Chemicals' list targeted for reduction in products and wastes in its
National Partnership for Environmental Prioriies (NPEP),

12 por further discussion of the issues behind the choice of precaution, pollution prevention and hazard assessment
versus risk assessment or life cycle assessment (LCA) see Appendix 1.

13 7he text of the Stockholm Convention can be found at: hitp:/www.pops,int/documentsiconvtext/convtext_en.pdf
# The list of priority PBT chemicals for which the USEPA is developing national action plans can be found at:

htip./fwww epa.goviopptintr/ipbt/

“The list of chemicals identified by the OSPAR Commission for priority action can be found at
hitp:/fwww.ospar.orgfena/ntmi/

The USEPA NPEP list can be found at: hittp://  epa.goviepaoswerfhazwastelminimize/chemlist him
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The chemicals assoclated with each list are identified in Appendix 2.

Chronic Toxicants as well as Very Persistent & Very Bioaccumulative Chemicals

Chronic toxicants in this assessment refer to chemicals associated with long-term chronic health effects
or effects at sub-acute exposures. This assessment is based upon chronic toxicants and very persistent
andfor bicaccumulative chemicals listed on the following already scientifically established lists:

Carcinogens are any chemical listed as such by the:

International Agency for Research on Cancer (JARC)"

.S, National Toxicology Program'®

European Union in Consolidated List Directive 76/769%/EEC ™ 2

California Office of Environmental Health Hazard Assessment (\\/\Q;J//E :
Y

Mutagens, which can cause inheritable genetic damage, are any q@é’i}ﬁ}q%@;s_ted by the European Union

as a Category 1 or 2 mutagen in EU Consolidated List Directive 757 S/ %

Reproductive or developmental toxicants are any chemig@jﬁs}ed by the Eur pean Union as Category

. % 2,

1 or 2 reproductive toxicant in EU Consolidated List Directi 2 76/769/EEC or listot)d

reproductive/developmental toxicant under California f};o
.

s 9 & @

on 65. ,
Endocrine disruptors are any chemical listed by the & pean Unionyas a Category 1012
disruptor in EU Consolidated List Directive 76/769/EE \;Iic\g be a C\\(}'\\ 81y 1 endocrine disdibtor the

chemical must have at least one study providing evidence iﬁggda’.ﬁm}e disruption in an intact organism,

Category 2 endocrine disruptors have the potential for endocﬂ@iﬁmpﬁon.

N XY,
Very persistent or very bioaccumuiati\fé\\f//ﬁ/fé%; icals are th(&{@gg by the Swedish National
Chemicals Inspectorate's (Kem!)2. The EGigpeaniini e

) defines “Ve&%gersistent chemicals" as
chemicals that have a half-life of greater than\sd dayéfg A% %ﬁ%ﬁl’- than 180 days in marine or
freshwater sediment, or greater than 180 daysipisoil.™ The'Eurgpean Union defines “very
bicaccumulative” chemicals tqf%g;’ag{g;a biocouce@ﬁorp%ffa%ﬁ? %{%’%&%ﬁg{%%rganisms of greater than
§000.** The European persistenceilists,do not incltida\tetals that are'by nature infinitely persistent.

ersis
- {/s/’: in the lfi//f/% Cycles of the Plastics

Inventorying InpufS and Outp

LN & . % . .
inputs: Pritnary raw m@anals: All th%ateraals assécsed here share a common primary raw material
resource base: they are mg%‘/factulﬂ:i&:czi%§ e arge part, from fossil fuels. The primary chemicals

o : L SN atﬁ!’?\%%
/PEX\4hd PP a %‘%%

ter, or g

o

2

used to prodyces, HDOPEZBPEXY )/yé"‘gﬁfrom natural gas and crude oil. ® The primary
chemicats@%}%ﬁ%ﬁ?%\ﬁuwm%@ﬁp are derived frofi a combination of these same fossil fuels and

chloﬁngg’é?}@ﬁanufactuff?&from"bﬁijrii"‘“g\\(sa!t water). Chiorine makes up 57% of PVC in its raw peliet state,

Eacbb;f‘t\i hése plastics alé“\\?}}%\eneralf's}@%ntains a range of additives discussed in further detail below.

> ,,;)%&
%\2 %E ’%//@

*7 The list oﬁiﬁgﬁ\g\gvaiuaﬁons car{:ﬁégtound at hito:hwww-cie.farc frimonoeval/gdist. him

%
*® The US Naticﬁ@%?@xécerogicat !g;?;i?am’s Report on Carcinogens can be found at: htto//nto-server niehs.nih.gov
2 i

49 - D . A ] . s . - - T n
The conselidatediVersion of Anpexd! of Directive 76/76HEEC {currently in force) including a consciidated fist of
CMR substances car%};‘\z;pgndég/% ‘Heuropa.au.inticomm/enterprisefchemicalsfieqisl ation/markrestriindex. htm

D The list of chemicats’&é's_“{;é’mq\:ﬁ* o the State of Califomia to cause cancer or reproductive toxicity by the California
Office of Environmental I—(é//é‘\l\?t}?u Hazard Assessment (OEHHA) is listed at:

hitp:/fwww.oehha. ca govipropB5/prop65 list/Newlisthtm! - _ .

There is ho equivalent US list for mutagenicity, however mutagens may be searched at GENETOX & Chemical
Carcinogenesis Research Information System, hitp:#sis.nimnih.gqov

22 guvedish National Chemicals inspectorate (Kemi) webpage: hitp:/prio.kemi.se.

2% gwedish National Chemicals Inspectorate (Keml} webpage: htto://prio kemi.se. The International Joint
Commission (IJC wwwlig org ) adeplied an even more conservative definition of a “persistent toxic substance” any
toxic substance that bioaccumulates in the tissue of living organisms, or any toxic chemical that has a half-life greater
than eight weeks (56 days) in any mediurm (water, alr, sediment, soil, or living thing).

24 auedish National Chemicals Inspectorate (Keml) webpage: http:/prio kemi.se.

35 pal-based byproducts such as coke gases (gases produced when converting coal into coke) are another potentizl
raw material source of feedstacks for plastics. However, in the U.S,, natural gas and crude ol are the overwhelming
source of raw materials for plastics’ feedstocks, therefore coal processes are not included in this analysis.
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Since ABS, HDPE, PEX, and PP share a common petrochemical resource base, material selection
between them will have no effect on avoidance of chemicals from raw materials extraction and primary
chemical production. PVC shares the same petrochemical resource base as ABS, HDPE, PEX, and PP.
The difference with PVC arises due to its chlorine content - 57% of the weight of raw PVC (before
additives) is from chlorine manufactured from brine (salt water} instead of from pefrochemicals.
Appendix 3 lists the Priority Chemical outputs from chiorine production, fossif fuel extraction and refining
for comparison®®. Chiorine production has POPs outputs that aren’t associated with fossil fuels (PCBs
and hexachlorobenzene) while fossil fuels have POPs outputs not associated with chiorine production
(aldrin and DDT). Both also have outputs in the other categories of Priority Chemicals of High Concern
(US EPA PBTs and OSPAR and EPA Priority Chemicals). Therefore, neither crude oil refining or chlorine
sroduction is envirenmentally superior; both have significant priority chamicalhazards associated with

their output byproducts. It shouid be noted that chiorine production has afgg%\@serious mercury problem

associated with i”’ and that chlorine itself is a highly toxic material. \\\\Q{y/“/%/@
This comparative analysis therefore focuses on the life cycle concergéi\%a, er.the initial raw material

- . . - B T 2, N
processing stage; that is after the raw material extraction, crude g el |r%mgturai gas processing, and
chlorine production. . ) /;

The assessment begins with an inventory of the principal ¢ chemicals usett

the five plastics. Table 2 lists those chemicals for each

1§
7

N J'{\%/
Table 2. Principal Urganic Feedstocks Used to Manufacture Péwﬁj Pipe Polymers ™
PVC ABS T | RE HDPE
IR A DR

Ethylene Ethyiene y Ethylene
Ethyiene dichloride | Benzene
Vinyi chioride Ethylbenzene
monomer Styrene

Acrvionlirile

1,3-Butadigfien,

& SEE ke
inputs: Additives: All pe ditives to either facilitate the manufacturing

£ / 23

process or o impart § “‘é“}-:\}‘/r/c preperﬁeé/?’%g* he final /{ duct. The types of additives commonly used in
plastic pipes includeapfioxidants, an}i;gsgg ic agents, libficants, ultraviolet (UV) stabilizers, and heat
stabilizers. The specificagdiives usedinplastic products, including pipes, are proprietary data and can

vary widely among manufag?,ji‘ ersifience completEinformation was not available for this analysis.”
Generic fo%%gﬁ“ﬁriés\ , /ér”’é?/”?:‘\\\c/fﬁc chemi \\\ig%'%}g
(see Appendixay ?@Qg

at listed ¢ micalsawere found only for PVC sewer pipes used in Europe

B EEEAR f.'y‘\

WhiLe“é/é&%c chemical %\}ﬂaﬁo;% the additives used in each plastic pipe polymer were not

availabjéxfor this analysis, st é.‘tantiai”é%’ﬁé ic data on addiive practices were collected and assessed.
TN s k. P

This report . *z;,gg{ i

a Ideﬁﬁ?%\s\sme types of a%?%ﬁves used in the manufacture of the plastic pipes: for example, UV light
stabilizeh
(/’\\

e ;
gchemical plastics requ

S

&

2N

o
% There are no known Priorﬁ\y Chemical outputs from brine production but there is insufficient data available for
conclusion in this analysis.
27 Nine chior-aikali plants producing chiorine for PVC manufacture use mereury cell technelogy. Serious
discrepancies and purchases indicate that the plants were not able to account for 85 tons of mercury in 200, more
than emitted by all coal fired power plants. U.S. Senate Committee on Environment and Public Werks “Senators Call
On EPA To Document The Fate Of 65 Tons Of Toxic Mercury”
hitp;/fepw.senate gov/pressitem.cfm? =dem&id=221813
For example, in the case of ABS pelymers, “Different manufacturers produce and process ABS significanty
differently. Therefore, the selection of stabilizers has to be checked carefully for each process and application.”
Zweifel, 2000 p.78
2 grurces include: Chemical Economics Handbook, “Plastics Additives” section by Modler, et. al. (1997); and the
Plastics Additives Handbook, edited by Hans Zweifel (2000).
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s ldentifies the classes of chemicals used within each addifive catesgory: for example,
benzophenone light stabilizers for the additive UV light stabilizer.

»  jdentifies specific chemicals used as additives for specific polymers. For example, the UV light
stabilizer 4-dodecyloxy-2-hydroxybenzophenone has been used as an additive in the
manufacture of all five plastics considered in this report (ABS, HDPE, PEX, PP, and rigid PVC).*'
However, no data were located specifying the types of products using 4-dodecyloxy-2-
hydroxybenzophenone.

The types of additives used to manufacture pipe grade polymers include:

o Lubricants and UV fight stabilizers in all five plastics. )
s Antioxidants and antistafic agents in ABS, HDPE, PEX, and PP. &
s Stabilizers in PVC. 5

Bl

/€5 ; @é\g/ure each type of
plastic pipe as this data is considered proprietary by manufagts fers. To fully assesy the relative toxi city of
p
e specific additives s\Q@ the

the polymers the City of San Francisco could collect da@o‘ ;
g\\{g/t/y of San

manufacture of pipes. Due to the proprietary nature o@%i/?ji’ﬁfermation,/jt is likely that th {
i or use an indépendent third party yehicle to
gather and evaluate the data without making it sub;‘ecﬁ" ‘phiblic d}g@;}ﬁgﬁgrfe. =

Francisco would need to sign noii-disclosure agreeme

Outputs: The toxic outputs - the releases of pollutants to aifRd§§ater - are then inventoried for each

stage of production of the principal feedstd@%%s \\geli as for pol ui/gﬁzaﬁon and compounding of the

plastics. To inventory the full scope of golﬁ}l anfsg‘%e werated and refedsed during production, even those
n"gfogge"i

chemicals released in small quantities,™ thistiyentoryl ses the ra ta tables in the life cycle
assessment study completed by Teltus Institéf}}z Thg\%&%\) hles En%\a\%ggg\g\\llus study are quite useful in

identifying pollutants that are present in the wastewater f i Siissionsifrom manufacturing processes,
but that do not appear in thq;@%@%jgg,,_Toxic Ré%gse%\ifgﬁ//tor;}\(f%due fo falling under the TRI's
emissions reporting thre vald 6f 10fﬂg%)ounds. oy

G s
X /J %) 7
Note that in this assqggﬁ%il inputs ’é’/@ rmsru,afac/‘(%:§ ng- both principal feedstocks and known additives
(or additive classes where the exact addifives are nofitiown) -- are included. For outputs, however, only
the pollutants from princfgggjgds%&s are '?%E%ed any assessed. The pollutant outputs from the
production of sggiﬂves have,g/-/ 9 beepidentifie *Q/Q/F? ssessed.

3 V/ & & \ N /:‘/ W
Transpo "‘?%%@s@and ou///)\@,\\\%o transportatio}/ny//%‘ pipes and their feedstocks are not included in the
scope\gj/g 1j%ssessm‘e‘é’j:(%t\\is ass,;//Qgg that selection of plastic type will not consistently or inherently

pe of transportation mcﬁe}s);:gr, fuel types. Therefore the chemical hazard of transportation

2

affectith
N For 3 . W/}"'}/X‘ 7 Wi}, . .
inputsZand, outputs will not be}%}gcte 6,)(% astic type selection.

S

Installation:/Chemicals assoéiﬁ%;t@éd with the pipe instaltation process are also not formally included in this
assessmént.zgt\\\gnould be noted%‘i’ wever, that PVC and ABS use solvent based systems with known
chronic toxicah%\\ whereas the polyolefins exclusively utilize mechanical or thermal joining methods with

N
. . W . . . -
no direct chemlcal,,%g%gs. T \%{%’ E{gﬁ’ﬁ ot expected to change the rankings as it parallels the hazards identified

elsewhere in the Iiféﬁgg&'/gl \%ﬁv
+"S///,,§\§

% ihid.

31 Radian Corporation, 1987. Radian Corporation. 1887. Chermnical Additives for the Plastics industry. Properties,
Azpplications, Toxicologies. Park Ridge, NJ. Noyes Data Corporation,

32 For example, below Toxics Release Inventory reporting thresholds,

3 Tellys, 1992. While the data in the Tellus Institute report is from the 1980s, it represents the most comprehensive,
gubliciy available database that includes the soup of poliutants released from these processes at very low levels.

4 Common elements of PVC pipe cement include tetrahydrofuran (suspected endociine and developmental toxicant
with inadequate carcinogenicity data to classify), methyl ethyl ketone (another (suspected endocrine and
developmentat toxicant), and cyclohexanone {ancther (&so a suspected developmental toxicant) and PVC resin. ABS
cement typically consists of methyi ethyl ketene and ABS resin
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Hazards Assessment of the Chemicals

Priority Chemicals of Highest Concern: The assessment compares the inventory of chemical inputs
and outputs against the Chemicals of Highest Concern (Stockholm POPs, EPA PBTs, and EPA/OSPAR
Priorty Chemicals). For the five plastic polymer life cycles, these chemicals are primarily found as
pollutant outputs: the pollution from manufacture, use and disposal.

Appendix 3 details where in the life cycle of the five plastics these Chemicals of Highest Concern to
governments are created as pollutant outputs.

The resulis of this analysis are as follows:

3

= inputs: Only PVC uses Chemicals of Highest Concern in rnanufactu 1o the additives
arganoting, lead, and cadmium, which are OSPAR Chemicals fo o] ) ty Action.

e OQutputs (byproducts): All of the plastics have both US EP@P} r'ri;y PBT pollutants and OSPAR
Chemicals for Priority Action associated with their life cyc inithe
manufacture of petrochemical feedstocks. %

vastewater effluent from the
Vi

PVC pipes are alone, however, in havmg Stockho%}r%a /ﬁvenhon POPs -\\\E’S(S‘;ps furans, PCBs,

and hexachlorobanzene), as outputs in their life g¥c eyond the initial rawy étenal processing
stage y"

“imulative Gk é//f"mcats' The asse

compares the lnventory of chemical inputs to speclf’ c che mical cal haza} 5.- persistence, bioaccumulative
capacity, and chronic toxicity -- for the pnmary organic cheml\ﬂf sdstocks and additives.

14;-

» Otherwise, ABS@/;!’{VC “"n‘

i 1S A
o carcir&; e/ﬁéy //;// ' .
) mutag; s Vb
o reproduéhvel develpp %ﬁ x:cants%ﬁ
o endocrine diSsup %” & %@
§ ufactunng prac ,§s <Sand/or as inputs into the final product, even for

as eitiérinputs ;nt&”f”’%
nor%\3 W 5 6%% fod pmduct
Note, %\u/unhke with PVC%&;& re classes of chemicals used as stabilizers that are clearly
hazarcj (e g., cadmium cor ounds{/gg}jid compounds and organotins), there are no such clearly
hazardb Iasses of chemzc{fxaddmvesws din ABS, HDPE, PEX, and PP pipes. For example, ABS,
HDPE, PEX and PP alt use phgnohc—based antioxidants. Unlike the lead compounds used in PVC pipes,
hazards ha‘*e/Q okbeen adentﬁed;fpr phenolic-based chemicals as a class. There is a phenalic-based
antioxidant that @krl\gwn to be, ‘endocrine disruptor, bisphenol A. However, the only evidence found on
the use of blsphenoi%gxa g g\g xidant states that it is used in PVC production™.

This study evaluates the* fastic manufacturing process inputs against the listings for both
A) the identified Chemuca*ts of Highest Concemn and
B) persistence, bioaccumulative capacity, and chronic toxicity.

The outputs, however, are anly compared for Chemicals of Highest Concern. Since all of the plastics
examined in this report have poliutant outputs that include a large number of additional chemicals that are
persistent, bioaccumulative, or toxic, further evaluation from a chemical hazard screening perspective did
not reveal any significant differences among the plastics.

% Noyes, 1987 note there is also some evidence that bisphenol A may also be used as a flame retardant in ABS,
atthough it is unknown if this aceurs in pipes.
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Summary and Findings of the Hazards Assessment

Table 3 summarizes the data collected concemning the life cycle hazards to human and environmental
health associated with the five plastics commonly used in pipes: ABS, HDPE, PEX, PP, and PVC.

None of the plastics can be characterized as completely environmentally sound from this hazards
assessment:

* Inputs: Al of the plastics -- ABS, HDPE, PEX, PP, and PVGC -- use the carcinogen carbon
black for pipes that may be exposed to UV light

= Outputs: All the plastic piping materials examined here -- ABS, HDPE, PEX, PP, and PVC -
have hoth US EPA Priority PRTs and OSPAR Chemicals for Priority Action pollutant outputs
associated with their life cycle: these occur in the wastewater efﬂ%ﬁé@om the manufacture the
petrochemical feedstocks used to make the plastics. All of the g\@?}' ’s also have a significant
number of other listed persistent bioaccumulative or toxic o s,

ABS and PVC, however, stand out for their hazards due to their Lw/é &'a

i Gigtion with key chemicals of
concern in their life cycles: y 4 %2@%
= inputs: ABS and PVC alone use carcinogens®, it 4%@}5, reprodu&k}éldevelopmental
toxicants, and endocrine disruptors either a%y its into the manufactuﬁn%grocess andfor as

o :
inputs into the final product, even for non UV pigtected product. PVCis the on!ﬁ%‘" {astic examined
¢ :}ﬁ in the finalproduct tself. A N

here to use OSPAR Chemicals for Prioritys

: g & S
= Qutputs: PVC pipes are the only plastic pip;}}g%e Sg%i%%m Convention POPs (c&ioxinsﬁ

furans, hexachlorobenzene and PC}/Bs) associated withidhel fite cyde after petroleum refining. d
& %

ABS and PVC are considered environmentally lasspr eferable ng\i@s analysis than HDPE, PEX,
and PP because of their use of chronic toxica@%as inp ‘\Mggp-«producﬁa\tggt the other plastics avoid
altogether. PVC is judged less preferable thag ABS d %I ‘\@g}qné@ﬁ“@ociaﬁon with outputs on the
PO ‘é}gbroughoz@g% iif \éﬁ%ﬁﬁ\ 1€ anufacture of its feedstocks and
associated with the iﬂcin%g}i’gn ‘of‘%ga;%groducts 'ang-sﬂacsdental busﬁ?{g fires) and for its use of US EPA
and OSPAR Priority Ct{\g@e@s as inpfgggThere is%ﬁéiﬁerenﬁaﬁ on between the other three plastics in
this analysis. Table a%mﬁlarizes the h;@’-’arc} assess{ﬁ%g;

¢ SV )

& %\\\

N
Py

7
:
%

_

3 A noted above the other plastics do use one carcinogen — carbon black — for UV protected pipe.
37 Note that this analysis did net include transportation impacts as described above.
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Table 3. Plastic Pipe Hazard Assessment - Chemicals of Highest Concem
- g Moderate Concermn

Summary
chemical
hazard
assessment

Chemicals OF Highest Concem On Reguiate

(&

PEX PP HDPE

Significant EPA ‘Significant EPA “Significant EPA
PET & EPAJOSPAR | PBT & EPAJOSPAR | PBT & EPA/OSPAR’
Priority outputs Priosity outputs Priotity outputs

wir T
-4

arget

Stockholm POPs

US EPA PBT
Us EPA Priority o i
Chemical Cadmium, Lead 4,;??
P 58
Cadmium, Lead € T
OSPAR Organotins, \% w@&
% &
Chemicals Of H 57 os‘}%\&;&?\a\l\\;aw material processing)
e,

ighest Concem On Regulatory Target

‘./ yg" =
\E..\%u/jts Pollution Qutputs

Steckholm POPs

‘Dioxins, Furans, PCB
Hexachlorobenzene,

o -
o @
. A

I

Dioxins, Furans,

Furans, PCB,PCF PAHs

Cd, DEHP, PAHs

Us EPA PBT Benzo{ajpyrene, Benzo{a)lpyrene, Benzo{a)pyrene, Benzo{a)pyrene, Benzo(a)pyrene,
Hexachlorobenzene, Hg, Lead Hg Hg Hg
Ho, PCB, OCS .
- Cd, Diaxins, Furans.
oo FPA Priorily Hexachlorobenzene, | Cd, PAHs Gd, PAHS Gd, PAHs | cd, PAHs
PAHs, PCB, PCP o - ‘ -
‘OSPAR Cd, Dioxins, DEHP, Cd,DEHP, PAHs | Cd, DEHP,PAHs | Cd, DEHP, PAHS

Chronic Toxicants, Veryg;‘g,j Sreistent, o

r VBFJ Bioaccuffiulative - Process

=

.

nputs

1,3-Butadiene,

e

Acrylonitrile,
Cd, Carbon black, EDC, | Benzene, | .
Carcinogens | Lead'compouinds, VOM | Carbon l';l sk, | Carbon blagk Carbon black Carbon black
% Ethylbenzene,
W Styrene
Mutagens 7238 Cadmitam 4,3-Butadiene
ik N
—S —
gj‘f;‘l;"p‘::“ﬁ:ﬁf | cadmium, Lead 13:Butadiene,
it 7 -
toxicants % compounds Benzene
Endocrine - e
disruptors Organotins Styrene
Very persistent
chemicals
Very bio-
accumulative
chemicals
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Recyclability Assessment

The ideal end of life options for a product allow it to be: a) reused as  the same product (e.g., reusable
glass or plastic bottles), b) recycled back inte the same product, “closed loop recycling” (e.g., aluminum
cans), or ¢) biodegraded into healthy nutrients for the soil (e.g., organlc {ood). Less preferable than these
options — although more preferable than landfilling or incineration — is the recycling of a productinto a
lawer value product (e.g., office paper into cardboard boxes) this is called “downcycling.” The deminant
end of life option for plastic pipes, however, is disposal in either a landfill or indinerator.

This evaluation ofthe end oflife ?Gtenuaﬁ for the different plastic pipes is basgd upon two chai acteristics:

o current recycling rates and practices, including downcycling, and & =

¢ potential recyclability, induding integration into a cross mdustry\f\gg odity plan
SF recycling: The current reality of plastic pipe recyding is that thegré>> yclmg\of these products is
marginal: very few plastic pipes are recycied in the U.S and mostiof filem aré e a{\;vncycled n San
Francisco, as with most municipalities, plastic pipe is not accg vpte\d in resident L mbsade recychng
programs or at drop off centers. Additionally, a survey of ‘Hat recydle cons&ﬁk&%n waste in the Bay
Area revealed that most do not accept plastics of any the firms that do acceptiplastic building
materials, the vast majority only accept HDPE or PP, ggw ller number accept ABS, % dew accept PVC
and none are known to accept PEX®, See Table 5 fﬂ nt of firms i %@l}e Bay area that® {%’gpt the

different plastics, ' \> \\\

;‘-‘ﬁ
R S

Most efforts to recyclie plastic building matg)/ais have been ths@@/ed by the daunting problem of creating
a secondary material with marlket value. gs Q(J/Ig‘; Hing an infrastey re to gather, sort, and create a
homogenous secandary plastic stream froft mt ggfmaterrais typ:oal[ resuits in a material that costs
more than virgin plastic and meets lower perf tmar ﬁcakons %

\\2\
Cross industry efforts: Ofﬁc% mi@re makerﬁ gman ; N‘ * plonng solutions to the problem of
material recycling in generalﬂanafmasttcs recycimg#m p uiar enﬁagmg other industry sectors in
closing the recycling ioop» /n concegt% nder explg /a'aon is to establish consistent plastic specifications
and product labeling, }}%}\b{ & to establish /a broadet & mmodxty market for recycled plastics that could be
utiized by manufacture;s\n\n different me&x\stry sectorsy »as requires a reversal away from the trend of the
last several decades to rﬁere des:?{ne \\Iastlcs that areicll stom tailored to each narrow apphcggon
Instead it favors standardization ofipiasticar tas use’in the widest range of applications™.
. .
To furthe{;’ii d temej> e potenttag cyclability of the different pipe plastics and how they are positiened
for this/A¥ é“ﬁp of Cross mdu comﬁ}gﬁ ty recycling effort, the current practices in two other sectors where
s {i d and autol art - are sse
;gmf gﬁ\\t;ecyc ngisun e;)}% ?/ muotive part - are assessed.
Bo tt%e cling: Boltle recyclm drives tﬁ; recycling rates of plastics in the LS. Arecent assessment
of the stat%”‘?gf lastics bottle re?yéhng by the state of California found that*°
s plasta%%}:\ggyclmg rate :, intinue to fag behind other materials like steel, aluminum, glass, and

paper (pi1); N\

ptastics recy ing :Q%% gely uneconomical without subsidies {p.1)

the most recyc stics nation-wicde are PET and HDPE, which account for “more than one-half

of national plasta& recycling” (p.8)

o other plastics “recycled in significant quantities are polypropylene battery casings; HDPE, LDPE,
LLDPE stretch-wrap and film; PET X-ray films; and polystyrene protective packaging” (p.8)

* This analysis is based upon hstings as of January 2005 in the Plastics Directory compiled by the San Francisco
Department of the Environment. hitp:fftemp.sfaov.arg/sfenvironmentidirectories plastic/htm

32 public presentation by Gabe Wing Mifler of Herman Miller, Working Towards a Better World, US Green Building
Council, Northern Califomia Chapter, San Francisco, CA, January 18, 2005.
® California Integrated Waste Management Board, Piastics White Paper: Optimizing Plastics Use, Recycling and
Disposal in California (2003) http:www.clwmb.ca, qev!Pubhcatmnsfdefault asp?pubid=1010
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s PVCis a contaminant in plastics recycling: “Contaminants such as other resin grades (especially
PVC)" and other materials “require extensive sorting and cleaning’ {p.15)

« the recydling rate in California in 2001 for PET bottles was 36%, for HDPE bottles it was 38%, for
PP bottles it was 7%, and for PVC bottles it was 1% (pp.32-33)

From the California Integrated Waste Management Board's report emerge the following conclusions,
- First, the municipal recydiing infrastructure in the U.S. is primarily oriented to the recycling of HDPE and
PET. Second, the secondary plastics recycled in the U.S. are overwhelmingly from the polyolefin plastics
of polyethylenes (HDPE, LLOPE, and LDPE) and polypropylene. Third, PVC is a contaminant, not a
valued commodity, in the municipal recycling stream. From these conciusions a crude plastics’ recycling
hierarchy emerges in the U.S., with PET and HDPE the mast recyclable ptastigs, followed by oifer
polyclefins, and with PVC the most undesirable (see Table 5). ;. 2
aki

Automotive recycling: The state of plastics recycling in the U.S. ma%g%\; rrent developments in the
B
B

/é, .

automotive sector in Europe and Japan. With legislation requiﬁngggy %\%ack of vehicles in Japan and
the European Union, automakers are evaluating and selecting 'foﬁ,b"tra tics thae) re more recyclable.
Pressed to recycle ever greater percentages of end-of-life vg\!;}/i- ies, automakersiave completed some of
the most extensive assessments on the recyclability of plaghc’r aterials. Y

For example, in 2001, Opel (a European division of Gg’fﬁ "Motors) published its plas iesyecyclability
hierarchy in its environmental regort (see Table 4 bé%ﬁé‘fhe preferréd plastics for re?:%’

v o %?9 were the
polyolefins (PP and PE) and the least preferred plasﬁc&gyer a “mixft E\é’»‘vof incompatible materials” and
Table 4. Opel Priority List for Piagtics with Regardtg/Recycling Aspects

s

o
Poiypropylene (PP), Polyethyiene (S{.& 25 « N

t ol STRermopiasig rethane (AU
Polyoxymethylene (POM}, P yamide,};‘j{;}l/?grmo as %gég{“ane @éf&%

Acrylonitrlie Butadiene Styrene (ABS), Polymethylm
) éano

/9&!&%@5}/& (PMMA, 1.e., acrylic), Styrene
ymer, Acryljgglltt iéﬂgsfyrene Acgy\%gte (ASA), Styrene Acryionitrile

Malefc Anhydride (%y’-l\ copot
S i
(SAN) ‘ \\\%g, ///4///‘ . /j\t\
Polycarbona@\‘Pgdlyethyfene Tée éghthaiate (9@3, Polybutylene Terephthalate (PBT)
e PE) R«
ThermeprasicElgstomer (B0 .

i t g e W
Shee @ag,ggg}/}g@mpdu;{gégm G}, Phenol-Formaldehyde (PF)

DA %
7 Eiastomer (Y 7/‘%\%// .
SPoiyvinyt Chloride (BVC %5
.&‘\\"Y" i f e(%% //////R\
“MiXture of Incompatibleimateri a;g-“‘&‘v
oy el

<
Opel is not along) (&%‘. asses/s}/ﬁﬁ/é of plastics. Honda, Nissan, and Toyota have all identified polyolefins

as the preferred pl’é;;s% froriAhe perspective of recyclability. Honda, for example, states in its 2003
Environmental Annu”’a”i‘éRe;‘%ﬁgfhat it is standardizing for polyolefin resins: "For all of the new models and
changed models relea: e&@?ﬁscai 2002, highly recyclable olefin resins are now used for injection-molded
interior parts"; including trunk decoration, instrument panels, bumper faces, air conditioning units, and
door linings.** Polypropylene bumpers are now widely recycled in Japan. Nissan, for example, collected
231,576 polypropylene bumpers in 2002 for use as used bumpers {as replacement paris) and with the
goal of using the recycled bumpers on new models.* Regarding PVC, Toyota in its 2003 Environmental

and Social Report stated that it “is actively engaged in reducing the volume of PVC resin used."*

increasing preference->Préfer

4 Opel. 2001. Environmental Report 2000/2001.

12 Honda. 2003, Environmental Annual Report 2003, p.32.

3 nNissan, 2003. Environmental and Social Report (year ended March 31, 2003, pp.32+38.
 Toyota. 2003. Environmental & Social Reporf 2003, p.37.
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PEX is not referenced in these reports due to its low usage in these sectors. PEX recycling is hampered
by the crosslinking of the molecules. Cross-linked plastics like PEX are known as “thermoset” plastics. A
thermoset plastic is hardened by curing, creating a three-dimensional, inter-connected structure that
cannot be re-melted or re-molded: it is infusible and insoluble.** This makes thermosets like PEX very
difficult to recyde. The only current recycling option for PEX is to grind it down and use as filler in another

material.

Table 5 summarizes the data collected on the recycling and recyclability of the plastics used in pipes.
The polyolefins — especially HDPE (municipal bottle recycling) and PP (automotive sector} — are the

£, H &3 e P N ] Tor A nsbn 3 'H
preferred pipe plastics used in for municipal and autermotive 78cying pirog

b
rams and with the most

acceptance by regional plastic recyclers in the Bay area. ABS is recyclabl %Z’ﬁbreceives little attention in

these assessments of plastics recycling because of its smaller levels of
and PVC. PEX receives little attenti

very difficult to recycle.

toxic additives included in PVC (
contaminant in municipal recycling, make if a largely u
manufacturers of PVC — especially in Europe — are t@'/y
for PVC, their initiative is receiving a lukewarm response:
automotive sector’s decision to dé-select PVC,

PVC is a plastic that municipal and automotive recyding przg\:f
S

as discussed in the previou§:

on because it is both a relatively s§
7

i

ig}g

LI

yde section)
nted post-consumer mate
a”%‘xdeveiop a post-consume
/fn'om the usey

";gf plastics, as
§

RS

a

)

b(iction relative to HDPE, PP,
olume plastic and inherently

are activelyiaveiding. The array of
\g"\\ﬂgll as itbeing a
5 While
QY
exel

cling market
hplified by the

Table 5. Assessment of Recycla

Summary
assessment
SF area K f&&mpanies 11 companies 13 companies
recycilng \ﬁé\ ept drop off, | acceptdrop off | accept drop off
outiets ] [any wimin-
SN N3 Zimum amts
Municipaﬁlgb"éttl“é““ “e‘éﬁ%mant”ii% y\ot appiicable, | Notapplicable - | Marginal levels | Highly
recyclig‘g%’* 4 mnleirggyctlng ,.ﬁQ\&;sse inthis recyclable but of recycling recyclable, well
o streamy b, | 'Sgtto fitle use in this established
I __'//Z//,_\ /%/_/_’/,;{,a market markets
Automotive: Among the %’/\ No datd on PEX | Recyclable, Highty Highly
recycling jeast preferred’; | use and moderately recyciable, recyclable,
N i recycling Inthis | preferred, but | established established
S sector used In low markets, most markets, most
volumes preferred preferred

12 P
- //i&\i\ ///ﬁ: 73
S

Tl

45 Stevens, 2002, p.39. HDPE, PP, ABS, and PVC are all “thermoplastics.” Since thermoplastics can be repeatedly
softened and hardened by heating and cooling, they. are much easier to recycle than thermosets.
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Summary of Environmental Preferability Analysis

The hazards and recyclability assessments clearly indicate that PVC is environmentalily less preferable
than HDPE and PP. ABS and PEX ocoupy a middle ground between the poles of PVC - to be avoided -

* and HDPE and PP - to be preferred (see Table 8). ABS isin the middle ground because of its better
recycling profile than PVC. For PEX, while itis preferable to ABS and PVC on hazards, questions remain
about its recyclability.

« ABS and PVC have more significant Chemicals of Highest Concern across their life cycles than
HDPE, PP, and PEX,

N
o PVCis of somewhat greater concern than ABS because q@%{iinkage with chemicals

targeted for elimination by international treaty: the Stockfiglnt Convention on POPs
) ’ N \\\\V\//%1 .
+ PVC has a negative recycling profile: it is considered a contamir \.‘ munidipal recycling

programs. ‘;?}’

&
+ ABS and PEX have limited o no recyclability data. P
* HDPE through packaging and PP through the aytofotive sector both have;

Gy
consumer recycling markets. / %

ghlished post-

A

N v ’
There are no rating differences between HDPE, PEX and:BE4

Bin thféE\ha ards assessment portion of this

analysis. PEX ranks below HDPE and PEXdue to its lack Ef;’?g@.f@%ﬁility Therefore HDPE and PP share

the highest relative environmental prefera\b‘;lf"’//' %ﬁng in this s\\‘,é{ssment, followed by PEX, ltis
tmportant to keep in mind when reading this@@@ai@@%h\at all of me;s%}é’:&g%::;ﬁcs have significant toxicity

problems and much of the recyding is still do\ﬁg\cycﬁgg?%re remauQ\Ez much work to be done to find truly
‘ | %@'\

environmentally healthy plastics for these applications. ™8 ., .

BSY ; bp HDPE
Summary BT Significant EPA “Significant EPA +Significant EPA
chemical PBT & PBT & PBT &
h d ‘ EPAJOSPAR EPA/OSPAR EPAIOSPAR

aza Priority outputs Priority outputs Priority outpuls
assessme.

b
Summ.ary"“‘éff/\g;
recycling -~ 3
markets
and
recyclability
assessment A e
Remember that all of these p s have
much work to be dona to find truly envirenmentally healthy plastics for these applications.
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Performance Evaluation

The final step of this analysis evaluates the performance characteristics for each pipe plastic in different
applications. Performance of the different pipe plastics are evaluated for the following applications:
e Water Distribution
Drain Waste and Vent {(DWV)
Sanitary Sewer
Starm Sewer
lrrigation and Drainage

® @ @ @

The discussion of characteristics is qualitative where a specific rating meag,&ggi%js not listed.
Performance characteristics will be compared across pipe plastics and f\\g/y ; jﬁ' impact on the usefulness
of the pipe plastic for each of the applicable applications. >M
Polyvinyl Chioride (PVC) provides a good combination of long-terfi s rength,and high stiffness. PVC
has good chemical resistance to a wide range of corrosive fluids,’ ét/’r%ay S&‘i&maged by ketones,
aromatic and some chiorinated hydrocarbons. It is used in DY }-?storm, sanitary, and water distribution
applic:ations.‘“s PVC pipe is primarily joined by either by bg},}% ‘ gi{fspigot or by cheﬁﬁ}k;f’g’ﬁl@olvent cementing -
which has additional toxicity problems not addressed lﬂ i réport. é(\%;w

Ry,
Acrylonitrile-Butadiene-Styrene (ABS) is formed fr‘\\/(/ ree distinct/‘./ onomer buiidi%%gks.
Substances of these fypes are usually referred to as ¢ péiiymers. T né%ﬁﬁporﬁons of each'stibstance will
determine the physical properties of the final product. lﬁ\ﬁi}%cagg&%a%’?lommle contributes rigidity,
strength, hardness, and chemical and heat yesistance. Buta \ﬁ‘%:?}éonhibutes impact resistance. Styrene

RS,

increases the ease of processing. ABS isgifiinarily used for DWW applications. ABS pipe can be joined
by solvent welding or threau;iing.97 s@%@%& \%/% X

" High Density Polyethylene {HDPE) exhibit god cﬁ%ﬁﬁiﬁ%resistﬂn&}}%ﬁgibm{y {without the addition of
plasticizers) and abrasion resistance. It can bélized for B’:e” {%{%ﬂd nofipressure applicafions and is
increasingly available with highefzpressure ratin’/é\g\%HDl?\\;\féy art ébf;é?_‘;reﬁg’th and flexibility even at
subfreezing temperatures;égg/‘é{p erent flexibility piguidesibetter resié%ﬁ*ce to ground movement,
earthquakes, and damagg;:i/uring inﬁ%}%on or intf %gﬁ during excavations. The flexibility of HDPE has
also made itincreasingé%i/{)pular in som& parts of {hg gountry (including the San Francisco area) for

a

trenchless sewer replacement, providiggssignificant sﬁ%‘?m trenching costs and environmental impact.
R

Cailing is possible with s‘r‘f@i&giam% er%i @y ene Qige_z\@ vhich makes it useful for gas distribution and
i A ,é}} &

Y - -
water services, In some ap‘i:jgga Sable ipe'can provide cost savings by minimizing and

L
eiiminaﬁn}g}; :‘ﬂé’{/gé;’éggjsfqr }ointﬁ%@% pipe can bé Béikaround corners and around physical obstructions.
Lo, J o

The pnvr}/c};p joining nié’c/\’”q@ is hé’{

sion, where pipe ends are thermally butt-fused together. This can

mak%;;fé:g\f ally leak-proo gi%gt strongey.than the pipe itself and considered by some to be superior to the
solveﬁWs or threaded ¢ ’1;;}’9-.of PV ;,/{a//}:,q ABS. HDPE may also be joinied by other methods such as
compressioh fittings. @( -
) . .
The rima%é HBRE applicationsiare: irrigation and drainage, water and storm and sanitary lications™,
p &\’\ S g ry app

Cross Linked Pol! e@ylengé@\\;’) is made up of polyethylene molecules that are cross linked in order to
raise the maximuri’t/?@/ﬁ;; tir g’/{ fnperature up to 200 F (93 9¢). Other performance characteristics are
simitar to HDPE. Com@?drﬁ%“f%kications are primarily inside buildings, including under-floor hydronic
heating systems, and h&tﬁﬁ%ld water systems. PEX pipe is primarily available in small sizes appropriate to
these applications. Connections are primarily made with compression fittings.

Polypropylene (PP) shares similar properties with polyethylene and generally has better chemical
resistance than other plastics. PP is used in some pressure piping applications, but its primary use isin
low pressure lines. Polypropylene plastic pipe is used for chemical {usually acid) waste drainage systems,
sanitary and water lines, though almost exciusively outside of North America. in 2004, however, a

46 cRD-220. Thermoplastic Pipe, National Research Council of Canada, institute for Research in Consfruction

nitp:ffire. nre-cnrg. ge.cafchd/icbdZ?20e html .
CBD-220

8 crD-220
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German firm, Aquatherm, began marketing PP in North America for potable-water, hydronic-heating, and
other 5gl’essurized piping applications®. Another manufacturer intends to introduce a PP sanitary line in
2005™. };ipe tengths are joined by heat fusion, threading (i.e., with heavy pipe) and mechanical seal
devices. '

Pipe Sectors

Within each sector, design, construction and operational and maintenance considerations impact plastic
selection. As these sectors differ from one another, it is important to recognize that one plastic may not be
appropriate for use over all sectors,

&

Water Distribution g&,
Water distribution systems are defined as those that convey potable wag\,gj,é@pically from water treatment
facifiies, to the end user. These systems are a tree-like pipe network‘ sisting of:
+ Transmission lines - (water mains - typically 36" diameter o.r./‘ O ‘
s Distribution lines - {lower diameter sizes: 6" - 12") . /

e Service connections - (from street to building) @
1:55@*3‘(9///@ sq. in. (psi),

// " . . .
?-’glgtnbuhon lines

.. O
erica are é@g!& and PVC. HDREpipe

Water mains typically operate at pressures from 100 to
operate between 40 and 100 psi™. . \f/

The primary plastics used for water distribution in Noﬁ, 7 RE:

performs roughly equivaiently to PVC in water main apbii\g)gﬁons, v\.\i; A similar corrosion resistance and
durability. HDPE has a slight advantage in terms of prevent{ Riwgﬁgf.;_’_,és the butt-fusion method used to
join HDPE provides stronger, tighter, mor@/}%_ proof joints COR %?Ifed to the bell and spigot joints used in

PVC pipe®. PEXis also used in this applicatiefizprimarily for smallidiameter distribution applications
Q:«\\ m e

within buildings. PEX is generally not used fol e@%er application ;é‘urgeyed here.
W ) ¢
7\,

Drain, Waste and Vent (DWV)
a/vés/\tﬁé/{f(féﬁeny line. PP, PVC, HDPE and ABS

. A
DWWV is essentially the saniﬁa@g\%/gﬁ%f;ﬂs{em b%égj : s

are all in use in DWV appli¢ations doméstically and/Siin‘foreign markets. Because of the wide range of
tabor, fire and other co\\\éé‘;?/ ies, seie'gfgﬁ’/; of DW\/%; ah be challenging in North America and one or more
of these alternativesﬁ-g;és& een restricted ggr DwWv usq%;a-the USA. For example, New York State labor
code prohibits the use%ﬁgg\é’c pipe i&@ﬁ!ﬁings greatéﬁ%—‘ian three stories. Fire codes may prohibit the
interior use of HDPE in *.s’“orz,;]e@_g‘;tat@gg'}%” ‘ﬁﬂfgw‘,of coge restrictions on pipe alternatives in DWWV is

Raly
. e :, N I g
beyond the s¢o . | 869%\\2\\ _ N ///ﬁ\\?\““'

A a
Sanfgysewer W . | .
Sanifaryssewers collect wast water fr;,,apw-,,homes and business and convey it for treatment. Sanitary
AN N Rz . h .
sewer%g}[&g\lzon systemns, like Water distijbution systems, are a tree-like pipe network and consist of:
° Iﬁtj"&é'&r‘%ggtor Sewers — (Calry wastéwater from collecting sewers to the wastewater

treatiment facility. Fromy? up to several feetin diameter)
. Coile@?tkr}s\ﬁ\;ﬁewers - (cfSll/”é

] 6ct from service connections with typical diameters of 6” to 127)
o Service é‘é’f};ﬁgction 2 (from street to building).
T (3)% 2

. T, SRR . . . .
Sanitary sewers re!eéggacor£b31ve gases. Because of the resistance to corrosion provided by the plastics,

they are increasingly pre’@ﬁed to non-plastic alternatives for sanitary applications. Currently, PVC is the
most widely used plastic for sanitary sewer in North America but HDPE is gaining market share in some
areas, including the San Francisco area, particularly for its abifity to be used for trenchless sewer
replacement (not possible with PVC). HDPE also has a slight advantage in chemical and abrasion

4% Epvironmental Building News, “Fusiotherm Polypropylene Piping From Aquatherm”, September 2004 Volume 13,
Number 9

50 personal communication with Jamie Harvie.

51 CBD-220 NRC

52 nvironment Canada, “A Technical and Socio-Economnic Comparisan of Options to Products Derived From the
Chlor-alkali Industry” 1999

53 Environment Canada
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resistance. On the other hand, gravity iines, such as sewer and drainage require close attention to preper
installation gradient to ensure proper flow, whereas pressure lines which do not require this gradient, offer
greater leeway. As a result, gravity line pipe is typically installed in sections which allow closer installation
and monitoring, which is more difficult with the use of fong, more fiexible, continuousty welded pipe. This
has made HDPE more popular for trenchless replacement slip lining than for new sanitary gravity pipe
lays, but not exclusively. Hancor, a US pipe manufacturer has just introduced a HDPE pipe, which comes
in 20 foot sections and intended for sanitary applications. Available in larger diameters, the pipe is joined
through fusion welding.

In Europe, more rigid PP is gaining in popularity. Though it has not yet been marketed for this application
in the US, a European manufacturer plans to market a PP pipe for sanitary applications in the US

A

market™, N

Storm Sewer

Prior to the 1960s most sewer systems were combined sewers, thatiis(cafiied hoth sanitary and storm
water. The system had to be designed to carry large volumes of Water duringgyain events, but otherwise
the capacity was litiie used. in addition, when it did rain the ﬂg/d‘dpf'relativeiy esh Jwater often negatively
impacted water treatment. Design changed so that by the i94960s sanitary a\rl\' \\%j m systemns were
designed and constructed separately. Storm sewers collettwater from roof drainsfpm-‘ ing lots and
streets. Unlike sanitary sewers, storm wastewater is r\q’,i %6{

bty ically treated and the ﬂowi%@/ecﬂy
discharged into a receiving body of water. PVC and ﬁ@\\! C are the p!gg%gs most widety \gﬁéfn Notth
America. Since storm sewers are alsc-a non pressurizédé‘%\ggvity ﬂos.’&??épplication, the perf“%‘: ance
&

L s . T : SRR A
concerns are similar to sanitary sewer applications, with tH %tﬁ@éf&mptm that corrosive gas
resistance is less important. SR

Irrigation and Drainage

PVC, PP and HDPE are all used for irrigatio
characteristics. Because the distributed water igtinder pressg ;ﬁ/‘{};akagerformance is again
significant. PVC has dominateiliiffig ré:but HDPE is now beginning to

Swith similar performance

gation apptié%f;‘%ns A
regain share due in part tjtgg)l porsal i,;ngs of layott tom long coils'With fewer joints versus the short
Ftshi

apo Ay

rigid sections of PVC a gg/ gher resistance fo s%{ damage and joint failure.

% : \

Plastic pipes, both P\“?E%gz\\q\d HDPE, a;\\g\o\!g%ining rapid!&;y the huge drainage market previously dominated
& d Polyethylene Pipe Association initiated a third party

by concrete and steel. 'R@ge:giy, theCo f"‘” /g%t%

certification system which<al @\gg e 'e’a"é\ﬁ;\“‘f‘ 28 ange’ of their product by the American Association of

State Highwayzn) a\:ranspo/‘ ,e,f ""“\\g(gfﬁcia[s. %%/’/N
SichdoR Fe %%

tepyeled content HDPE is now available on the market
for this apglication::Rel

é;e mance%gv es are similar to storm sewer applications.
& ‘ﬁ/ e

S . )

Due%\\-\d Conduit 2 :

PVC Jﬁﬁg ft

ok

@RPE are both used for ele //%l‘duct and conduit. Rigid PVC can have an advantage in
requiring ‘fe%ém@angars in susp,ef}gied applications. Flexible HDPE can have the advantage in easier
installation foéi\\%.o\\\gg continuous s and bends without requiring joints, HOPE also has a lower coefficient
of friction thus Making cable fishing and pulling easier. Fire resistant HDPE is available. PP is also used
where higher terﬁ%éure f&éi:éiﬁwe is required, but not widely available in North America.

N
Cost Issues f’z,&\\
Al pipe sectors have at least one viable plastic alternative, with the exception in MNorth America of DWV,
where there is still limited access to polyolefin based plastic pipes, although Aguatherm’s market
introduction may change this soon. The issue of cost differential is extremely complex. Gonversation with
industry officials and literature review suggest that pipe material cost differences, if they do exist, are not
the determinant issue in pipe selection™. Pipe project costs are highly dependent on a number of
important variables which include but are not limited to: market location and its proximity to

% parsonal communication with Jamie Harvie.
5 Eor more discussion on this topic see Harvie, Jamie etal, “PVC-Free Pipe Purchasers’ Report”, Healthy Building
Netwaork 2602, hitp: fiwww. healthybuilding.net| ipes report htmi
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manufacturing, material/resin costs which can vary rapidly over time, soii and other site conditions, local
Jabor costs, contractor experience with the pipe type, and instatlation method. While itis difficult to make
across the board statements about the cost implications of plastic selection, a recent rg?ort found that
less toxic alternatives are successfully competing with PVC in many pipe applications.

Lifespan and Durability

There is much debate over the durability and expected lifespan of plastic pipes. The long term durability
of piping systems depends on many factors, including the soil environment, proper installation, material
properties such as corrosion resistance, chemical resistance and strength and the performance of
joints®. Because of the characteristics of storm and sanitary fiow. conveyance systems must offer good
resistance to corrosion, chemicals and abrasion. All plastics under considera ion offer good resistance to
these forms of degradation. All of the piastics have been on the market for éfg;v.‘*.ades"’*’. When properly
designed and installed, pipe systems of any of these materials can be st ntly durable to withstand

many decades of services™. .» X
R N
7 N\

. Y

Summary of Performance Evaluation A x%?

Table 7 compares the relative performance and availabilit\(\@féfﬁ//é‘\ various plastics\y Vapplication. ABS and

PEX have characteristics that lead them to be used pri a’ﬁ%};ﬁ?j n a limited number o@q pplications. PVC,

HDPE and PP meanwhile are competitive in most apg;j/' tions with many similar perf‘(ih’\g"\g‘\gce

characteristics and modest tradeoiis in others. The n%:gégult is that B;gs%c alternatives € %’é&m the Prefer

cateaory (HDPE and PP) for each of the pipe applicationsiStudied {hat perform equal to or bétter than the
gory ( ) of the pipe app ‘%%;m ﬁ&%\p q

plastics in the Concern or Avoid categories. g

& K &
Market availability S %\\\//%
i

S

While regional availability may vary, only the tarket Aval ability of &l dmatives for DWV is significantly
St ¥ %%%ﬁg%ging codchallenges and part due to

limited across North America, due in part to stale and i
manufacturer market decisions. Differences in‘mirket share atfoss the applications are primarily a
o /fé&%%%ﬂ; an of purchaser selection. For

har
function of the historical marketifig/focus of the @\g ) ufalire
example, PVC manufacturé’ﬁ%’%%ﬁ%numdpal %@3 hefore HDBE: hence they have the dominant -
market share in munici;{\\\a;i;; arkets. Meahwhile, H gﬁ"?'%manufacturers targeted industrial markets where
aAC

e /f)
HDPE's corrosion regis e created pefformance a/d/\“?én’(ages.
*‘5\
P

2 g
Access to alternative ;%%s is groy"f\\\ Jas, anufacn/{g@are increasingly targeting new markets across
these traditional boundaries ,ﬁg-’;:urQ e /ﬁ %:»%%Eg?;t yrersrare beginning to enter into the North American
market and No ﬁ%@canﬁ@ REyTianufactur .yféﬁé\ipanding their offerings to cover more
applicatiorﬁ%;{ren?ﬁ constrained North American DWV market, options are beginning to emerge.
Forwagd looking environgg\gg\taily rfg\e\”\gzble purchasing policies by corporate and government entities can

aid this farket transformation; The‘reg/%no reason not to move forward in selection of more preferable

otk
7%

altemﬁ/’?i:\}?%}\;'}i pe plastics. ’?//’Z/////\ /’%

7

g

\ 5

>
2
%\
N

5% Ackerman, Frank, etal “The Economics of Phasing Out PVC®, Tufts University, 2003
hitpudf ‘healthybuilding netipvelEconamics Of Phasing Qut PVC pdi
Environment Canada
% pEX has only been in the North American market since 1985 but has been used widely in Europe for decades.
{ ikewise PP has had relatively limited marketing in North America but has been widely used in Europe for decades.
% Environment Canada
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Table 7. Application Specific Performance & Availability Comparison for Plastic Pipes

PVC ABS PEX PP HDPE
- Water distribution GoodiGood Not used/NA_| Good/ Goed" | Good/Poor’ GoodiGood®
- DrainfWaste/Vent GoodiGood GoodlGood | Not used/NA | Good/Poor’ NotusediNA
- Sanitary sewer Good/Good Not used/NA | Not used/NA | Good/Poor’ GoodiGood
- Storm sewer GoodiGood "Not used/NA | Not used/iNA | GoodiNone* . | Good/Good
-irrigation & drainage | GoodiGood Not used/NA | Not used/NA i GoodiNone® Good/Good
- Duet & Conduit Good/Good Mot usadlis, | Not used/NA | GoodiPoor™ GSoodiGood

Eirst itern before the °" is the general performance assessment. The jtem after the “/ is the m{@é@gvailabiﬁw assessmant..
Not used means not typlcally specified or used in these applications. NA means market

‘!/Uy Is not applicable as there is no
gs.

av
demand because the plastic type is not typically used %\%}%f
N
7

i‘s‘?:-. i
S
* Used only in smali diameter pipes, primarily for water distribution and radiant syster ul ggbn
® Used primarily in large diameter piping outside the buiiding b‘~‘?:\,h 3

Available in Europs, in sarly stages of marketing in S in 2005
* Avallable In Europe, not yet marketed in the US A

See Appendix 7 for more detalled charts of plastic pipe pe

&
s o

G s

.y
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Conclusion

This study seeks to answer the question of whether there are significant differences between the plastics
used to manufacture pipes with a focus on priority environmental heaith impacts and end of fife
recyclability. No determination is rade on whether plastics are either more or less preferable o the
traditional materials used to manufacture pipes. Rather the evaluation is for decision-makers interested
in understanding the environmental differences between plastics.

in this report, the plastics used to manufacture pipes are analyzed and compared for chemical hazards,
recyclability and performance. The chemical hazard and recyclability assessments gvaluate the
envirenmental sustainability of plastics, while the performance assessment gauges the technical, marret,
and economic viability of the materials in different applications. %
ﬂﬁﬁéxort
his .
S b

e . HDPE and PP are the most environmentally preferalg/j/e;g/p!asﬁcs currentya sed to manufacture
pipes under this chemical hazard and recydlability, ﬁsg@ analysis with n%{ nificant distinction
between them. Yet even these plastics have ﬁl@r %ﬁi

« HDPE, PP, and PEX create less chemical hagat
=

wironmental downsidesyy:,
f high concern across theitdife cyc!
of high concern across \5\\%@//}! es than

ABS and PVC., ' \g%
» HDPE and PP are the most recyclable of the m f‘%"ats. The\g\;ifé' less of a market for recycling

ARS. PEX Is not truly closed loop recyclable, and wﬁ!e?@m s marginally recyclable under some

'

circumstances itis considered a cggtaminant in rnar‘i’fr%“”‘e\‘\%’\?éiing programs and increasingly

avoided in some sectors. %{%@‘ \<

» Plastic pipe aiternatives exist in the @g_f é"i:’éir}fatggory in thisﬁ%?alysés {HDPE and PP) that perform
equal to or better than the plastics inthe AVGIdSRd.Concern ég;ggories (FVC, ABS and PEX) for
each of the pipe applications smdied.%x ailabilt / Fe\fgrabie*a\@maﬁves is good in North
American markets witps“th'e?_ bg;ception of drain-waste«vern Al WWV) applications. The entry of new

deets? "ﬂ@couragen%g 9 \ environmegntally preferable purchasing

\kfd/?fo expand gyailability’cf preferable altemative options in the North American

policies, is expegte ) %
fidations inc[tg/jff DWWV
&

7 7
arket for all ap
market for %ﬁp e

fi %

A
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Table 8. Summary of Plastic Pipe Environmental Pferabili

PVC PEX | PP “HDPE_ Preferable

Analysis

Summary of
chemical hazard &
recyclabiiity
assessmenis

--- Chemical Hazard Assessment -w——-

Stockholm POPs
{autputs affer refining)

QSPAR & USEPA PBT
& Priority Chemical
{inputs}

Chronic foxicants;
Carcinogens,
mutagens,
developmental or
reproductive toxicants
or enducrine dis-
ruptor (inpuis)

Other PBT Qutputs
-— Recyelabllity Assessment—w———
i Summary recycling
markets and
recyclability
assessment

- Performance / Availability A

- Water distribution Good{@ﬁ?ﬁ
- Drain/Waste/Vent Gotdidood

ol VI:iJ(G()o:tI"
IGiTTea

GoodiGood*

Good/Good

- Sanitary sewer Ga6édieod 3
- Storm sewer GooadfGiobd NG il Good/Good
- irtigation & drainage | Good/G608, <NUENGH N 3 Good/Goad

*PEX Is used only, '% ’/J%g']/ atar pip ”gf'{p}trily for water distib i ofh;an}! r'ééila:'nlt syslems in bui ings. HOPE for water distribution is
used primatily irafl??gf {57 dia %5%? Ipin ou@f‘ @ihe building. PP lsjust&baginning te be marketed in North America
R K2 % i

y
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Appendix 1 - Principles of Decision Making: Life Cycle, Precaution &
Pollution Prevention -

The screening based method described in this report to evaluate the plastics used in pipes is founded
upon three principles:

1) Life Cycle Thinking:

In life cycle thinking the stages of a material's life - beginning with raw material extraction and ending
with disposa! {or reusefrecycling/compesting) — provide the frame for evaluating the presence of toxic
inputs and toxic outputs. Life cycle thinking, as Todd and Curran {1999) em@{l;;\’\‘gsize, is “a unique way
[relative to quantitative life cycle assessment (LCA)) of addressing envir%:/'; ental problems from a
systems or holistic perspective” because it challenges the “need for aa»g%ﬁ‘pfete inventory of material and
energy flows associated with the system of interest.™ In fact, it challen %%ggt only the need, but also
ship

the attainability and the practical usefuiness of quantitative LCAIg }f‘%/?s Aablishing, ¥ aterials policies such as

this. 4 o,

. T .
The method used here to evaluate plastic pipes does not {t to quantify tetal it
chemicals nor normalize results to a functional unit, butsather bases judgments upon:
direct existence or nonexistence of target outputs. <

uts of toxic

ss%iftneening simply for
R

i /@« 7

y most k{\i’gf‘o’o!s are severely liimited in their

tq‘t"@t,a tify impacts as they relate to

PR Hty il

wsignificant barriers:

¥

N
Quantified risk analysis type approaches such as applied
usefulness for policy judgments for a variety of reasons. & @
hurman and ecological toxicity have run up ggainst a numbery
o Toxic chemical release data are a}a&g\ @%g%tor of potentialimpacts because there is no simple
linear relationship between measufe\g‘\\:\x\{\\eieaw%\ﬁa\nd impacts:

i
o Some chemicals persist in thesgnvironme!

& @ﬁbioacc@?ﬁ;:éte in organisms, and biemagnify
up the food chain. The resultis fhat a 9’},‘3}‘(}

I /gz-\g\%g//;}t of refgdise will result in widely

different ang 5 Btfcadly predic{'@?e expbstires to/different populations dependent upon
€0 @Wm 5?1% inithe food chaint

factors likgigeograp \;g@g\d locatior 1 )
o Furthergji }ﬁy many offhese same’gliemicals are toxic at very low doses. Thus small

releagesiof these chen'/ﬁb/(" ls.— som‘/ﬁ/?-\;aes at levels well below thresholds that are easily
o

monf@f%flgg‘gxfor quantif{lg%jg n are of h_@%oncem. That is, any release ~ even a very small

.-b:«grﬁb.. . P LN "%‘-’9 L e

one - can résult in sfanificatikexposurestin.humans and wildlife.

0 //gyersenes“!g‘f?é% ;,\(i\;%yﬁég%g’%%%%i/g@%he timing of the exposure - e.g., the developing
- e’tffg\;exposed'tf*e\g}lthaiates ~ ratiéé han the dose of the exposure.

“Individligls, are expbsed to a complex soup of chemicals - many that can cause the same
advers%gcts ands ne that are synergistic - rather than only to a single chemical ata

N,

time. T f,tﬁg//,/cumutq //jre doses of exposure to potential impacts are greater than

assumed fo%m%individ%&hemicai. Additional exposures to a single chemical may have

7, threshold or sﬁf@;g;gistic effects far beyond those predicted by one at a time controlied

7 r

" Nstudies would idicate.
AN v

+ LCA modél§s‘ &gfer Wﬁ&r&@a great paucity of comprehensive and reliably comparable data

o Reie{ge/\ ataiis primarily based upon stack and pipe release estimates. Exposures that
occur ingt\\%fg §%«:nrkplai::e, from the use of products, and from food are not included,
although they are critically important additive factors to the impact.

o Release data based upon the Toxics Release Inventory (TRI) database isn't even
complete for stack and pipe releases as reporting reguirements do not apply to all
releasers.

o Most LCA models are very limited in which datasets are incorporated and may be
missing significant portions of fife cyde releases. .

o Data are often of widely varying quality across materials and rarely transparent to the
user for quality checking.

8 Todd, Joel Ann and Mary Ann Curran (eds.), 1999, Streamiined Life-Cycle Assessment: A Final Report from the
SETAC North America Streamlined LCA Workgroup (Pensacela: SETAC).
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¢ The sheer volume of data inputs makes thorough quality checking impossible.

o The large number of assumptions with high variability and uncertainty generally leads to
a high uncertainty in the absolute metric that is rarely reflected in the results of LCAs
despite the fact that these uncertainties can be much larger than the differences reflected
in the LCA result.

o Many simplifying assumptions and interpretive algorithms are needed {o transiate data
into common metrics, compare different impact types and pathways and manage the
different data sources. These each contain significant assumptions that are seldom
transparent to the user.81

« The need to reduce everything to a common metric for LCAs requires reducing every human
health impact — including carcinogenicity, mutagenicity, and reprodugtive, developmentai, and
neurological toxicity to a relative quantitative vaiue, masking core valdes.

.

LCAs have a place in narrowly defined industial analysis for single m %fﬁ éturers, where the data setis
cips:_ely held and the set of parameters to caplure is constrained, but: _\ ) ﬁaﬁg.er materials policy work like
this it is sorely lacking. The task of quantification demanded by Lgli t<;// i5 t/zs, masks critical values

and ultimately at this scale may be of questionable sdientific \ggij_c( @

The method used here based upon life cycle thinking instegtiises a more straightior % rd knock-out

screens for the most toxic chemicals of concern, That ig,ggwe s screens for materi‘ed simply upon
use of these chemicals or the creation of them as byigv?/"duc’f’s instead of attempting tt\)\e.'\pare quantities

and scale to assumed impacts. \% &/gzﬁ \\'@
. % “I"’\(‘{\*
\ W

2) Pollution Prevention: i
Reducing toxicants before they are used a{\%;’g‘,e//gerated as byﬁ%i%i has priority over controlling toxics at

the end-of-the-pipe. The primacy of prev&g%?@h tablished in® / aPollution Prevention Act of 1990:
The Congress hereby declares itfobetf e\\g\agggal policﬁ@g’%@e United States

7,

that pollution should be preventedﬁ};‘:p\reduceﬁf tthe sourcetwhenever feasible;
pollution that canggfgg%\grevented éffw\%utd %@%\é’gn ehvironmentally safe

P

3 £ 2
manner, when)%\‘(f&g ﬁ,;f,‘ea',é;‘i&b;wl‘g{;i poiluﬁoﬁé}?ia Hrot be pr yented or recycled
should be tregted’in an ény};onmenta}, y safe manner whenever feasible; and
disposal qr&ﬂféfr release in(é/i e enviré%@gnt should be employed only as a last
resort aﬁ?j;/gﬁfould be congiicted in an envip < mentally safe manner.
L Wy XN %‘; '
2 7

When developing,a method’yierepreventorrhag pimacy over control, it places the emphasis of the
n; \\)V//!’ﬁf%\\ >whethg/(/’é‘§\,\axic chemical is'%}/%n@eat or absent in the life cycle of a material (just s

analysis onsk Ny
the life ;ﬁi@thinﬁné‘“ﬁﬁﬁ;ﬁach dogs)-- as either an input or output in each stage of the material’s life

cyc!e‘-;%@‘fﬁer than quaﬁﬁ@ihg the %\r}}\ unt of the chemical released into the environment for each stage,
Itis a7hi :

binary system. Toxiéﬁ;‘/ f‘é}micaié’%”?weither present or not present, A binary system is particularly
approﬁ“ Q,\at‘\\.\Meﬂ dealing wit /@BTS iné’gfﬁ\uch as even low level releases can result in significant
adverse publig.and environmentalimpacts. For example, the International Joint Commission (1JC)
concluded ir’féfft&xth Biennial fg%%on‘ on Great Lakes Water Quality that “we should immediately begin a
process to eiiriff\\ng * PBTs beﬁa;g’%e “it seems impossible to eliminate discharges of these chemicals
through other meeﬁi%jheg\é{gge, continued the 1JC, “a policy of banning or sunsetting their manufacture,

distribution, storage s %g;gan‘g’;zdisposa! appears to be the only alternative.””

T
The hierarchy of materia@&management established in the Poliution Prevention Act also emphasizes the
importance of recycling materials before disposing of them. Therefore the method should include an
assessment of whether materials are recycled, as well as the impacts that may occur from recycling.

8 gee Environmental Building News, March 2002, “Life-Cycle Assessment for Buildings: Seeking the Holy Grail,” Vol.
11, No. 3.

62 {vernational Joint Cormission (1JC), 1992, Sixth Biennial Report on Great Lakes Water Qualily (Washington, DC:
{JC). .
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3) Precautionary Principle:
Precautionary approach to decision making is especially relevant to the proposed method:

$an Francisco’s Precautionary Principle Ordinance, passed in 2003, states that itis the responsibility
of government agendies to take action to protect human health and the environment in the face of
scientific uncertainty™. Traditionally governments ask, “How much environmental harm will be allowed?”
in San Francisco, decision-makers ask a very different question: "How litle harm is possible?”

Taking action on early warnings is incorporated into the screening method by selecting criteria that
reflect the prosence of materials known to be of concenm dus to their toxicity, persistence, and
A
H a“%

bioaccumulative properties. Historically, environmentally harmful activities Have only been stopped after

they have manifested extreme environmental degradation or exposed pedplerto harm. In the case of

PCBs, DDT, lead, and asbestos, for instance, regulatary action took p ‘*‘?:-"//éf/é’nly after disaster had struck.

y N \??f(. .
Seeking the safer altematives is a central element of the predga’éyﬁrfary 3&%@@3 and involves the
careful assessment of available alternafives using the best a\@g/éb[e sciences“% .alternafives
. ; : N ot N
assessment examines a broad range of options in order topresent the public withilie consequences of
each approach. The process takes short-term versus log{g, tm effects or costs int opsideration, and
evaluates and compares the adverse or potentially adyerse effects of each option, givingpreference to

those options with fewer potentiai-hazards. The scr‘e“é;}@’.y{g process %n this plastic p?i@ssessment
presents decision makers with answers {o these fundami'a%@ que%@gnse’ Is this potentially hazardous

product necessary?” “What less hazardous options are av liaﬂ_g@%fq@% “How little damage is possible?”

g’/

5

gy,
4 N

8 gan Francisco Precautionary Frinciple Ordinance, Chapter 1 of Environment Code: www.sfenvironment.arg
841 awell Statement on Science and the Precautionary Principle (2001).
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Appendix 2 - Chemicals Targeted for Elimination / Reduction

by the Stockholm Convention, US EPA and OSPAR

OSPAR Us EPA
Stockholm | US EPA Priority Priority
CHEMICALS pOPs™ PBTs® | Chemicals®” | Chemicais™
1,2,4,5-Tetrachlorabenzene X

1,2, 3-tricklorobenzene

1,2, 4-nchiorobenzeng

1,3,5-trichiorobenzene

2,4,5-Trichlarophenol

2.4 6-ri-tert-butylphencl (phenol)

4-(dimethylbutylamino) diphenylamin
{organic nitrogen compound)

4-tert-butyltoluene (aromatic

hydrocarbon)

4-Bromophenyl phenyl ether

Acenaphthene

Acenaphthylene _

Anthracene %ﬂw

Aldrin XN,

Benzo{a)pyrene o

Benzo(gh,perlyene X
Brominated flame retardants (BFRs),

incl. tetrabromobisphenci A (TBEBRA}Y.

Cadmium and compounds,g : X
Chiordane

clotrimazole (pharmacet

DDT K

dicofol (pesticide/biocide »r

Dieldin W A

Endosulfafipeticidelbiogide) i, X X
Endind AN A X

Fludigné, E A X
Heptachioh K D> X X
Hexachlorobénzene X X - X
Hexachlorobf?t%gﬁne X
Hexagi;loroc_:yqifﬁéﬁ% isome f;f ; '-éH)

{pesticide/biocide) “'W/,A _;-\ém X X
Hexachloroethane /}Q\“@f X
Hexachlorocyclopentadiens (HCCP) X
Hexamethyidisiloxane (HMDS)

_jg_rganosilicane} X

Lead and organic lead compounds x X X

8 The text of the Stockholm Convention can be found at. hitp:/iwww.pops.int/idocuments/convtext/convtext_en pdf

8 The list of priority PBT chemicals for which the USEPA is developing national action plans can be found at:
hitp:/fwww.epa.goviopptinir/pbt! . .
The list of chemicals identified by the OSPAR Commission far prierity action can be found at:

ospar.arg/engfhiml/

hitpi/fwww.0sp gleng
The USEPA NPEP list can be found at: hitp://www.epa gov/epaoswerfazwaste/minimize/shemist him
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Appendix 2 (continued) - Chemicals Targeted for Elimination / Reduction
by the Stockhe!lm Convention, US EPA and OSPAR

Mercury and organic mercury

compounds X X X
Methoxychlor {pesticide/biocide) X X
Mirex X X

Musk xylene X

Naphthaleneg X

Neodecanoic acid, ethenyl ester
{organic ester)

Nonylphendl/ ethoxylates (NF/NPEs)
and retated substances {phenol}

Qctachlorostyrene (OCS)

cotylpheno! (phenol)

organic tin compounds

Pendimthalin

Pentachiorobenzene

Pentachloronitrobenzene

Pentachiorophenal (PCP)
{pesticide/biocide)

Perfluoroactany! sulphonic acid and its
salts (PFOS)

v/}"

A,
il
\\\\//

Phenanthrene N \/,:- N X
Phthatates: Dibutyl phthalate (DBP), i ‘
diethylhexyl phthalate (DEHP)
Polyaromatic hydrocarbons (PAHs X
Polychiorinated biphenws BQ 35Y @z}g X
Polychiorinated dibenzodie
(PCDDs) \\2\\\/\// \ X
Polychlorinated dibéi % fqrans \
(PCDFs) Yy, %? X f X X X
Pyrene i r VW{\‘\&@%@‘% A X
Short chaing Ei \/ {ohnared para?/ﬁ%\\ e
(SCCP Ma////f A X
Toxanﬁi’% Ak lga X X
Trifitf Al pesticide/biacide) W/ % A X X
TriphenViiphosphine (organcp hé’s hate) | X
Total # 0 ,%E’ﬁemtca]s Listed 12 14 32 31
\\ N
Boid rows are chem:cals that E_ evaluated in pipes in this assessment
K o
{":‘/;" 5 ‘;:at
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Appendix 4 - Average Composition of PVC Sewer Pipes

Entec UK Ltd, | foon
epori
Inputs 2000 #95027
o) (%)
PVC 8§21 94
Stabilizers ]
- tribasic lead sulphate 1.4
- dibasic lead stearate 0.8
1 = lead stearate 0.2
- lead stearate 0.4

- lead stailizer

- fin stabilizer

Plasticizer

Fitler

- powdered limesione 4.7

Stearic acid 104

Synthetic hard wax 104

Paraffin {lubricant) .
Pigment B,
- carbon biack 0.5 TR 4
- fitanium dioxide

Total vz 00

Source: Baitx, Martin, et. al. 2004 [ oGV Assessmant 3\%&«\/ ang
Principal Competing Materials.,ﬁgﬁi’s“?ﬁg‘ Etiféiaan Commis _iﬁﬂ

\“/\’/
iy

Bt
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Appendix 5 - Additives that may be Used with Plastic Pipes

| PVC

ABS

PEX

HDPE

PP

ARtioxidants:

0.1-1.0% by welght
of polymer resin

0.18% by weight of
polymer resin

of polymer resin

0.06-0.26% by welght

~ Phenolics -- Phenolics -~ Phenolics - Phenolics

- Phosphites - Phosphites and -- Phosphites - Phosphites - Phosphites and
phosphonites phosphonites
~ Thioestets

Ethoxylated

-- Alkyl=ufonate

~ Alkvisufonate

- Quiaternary

- - Ethoxylated Ethoxylated - Efhoxylated
arnines amines amines AMines

« Fatty acid -- Fatty acid « Fatty acid ester atty acid ester

ester ester

ammonium
compounds
SEIBAEERE T e
- Calcium « Zinc stearate - Zinc stearates
stearate
“ -- Patty acid -~ Fatty acid N - Fatty acid ami
amides amides ;
-- Fatty acids - Fatty acids -- Fatty acids

and fatty esters

-~ Hydrocarbon
wanes!
paraffing

ght stabliizers .-

-« Garbon black

---cérbon Elaék- B

. - Carbon black

“Stahilizers:

.”;-"Carbo%‘ﬁlack' ¢

-- Benzophenones ’@ X . Benzophenones
- Hindered amj TN - Hindered amine
fight stabili \““f%/g;w //&% . 4.y | tight stabilizers
(HALS) 0P ¢ % | HALS)

- L.ead-base&
stabilizers

-- Organoting

-= Cadmium™

- Calgium-zing....|

Sources: 30

- Modlet, },)b
Alte, CAS

- The Flgghis
Plastics ?%%
- Zwaeifel, Hay

- Special Chelr

Pt

o
tRop p‘rtf Eric Anderseh
’éﬁ'} International, 199752

. - o, . % . . .
gplpa institute. 1999”//;/»’;atherab 1@%§hefmoplashc Piping Systems. Washington, DC: The
e o

base,

e

A

AL
" 4

SFE Plastic Pipe Analysis

WwWW.Sped paiy

Jalthamdpolymers.com/resourcesisearch
Y
o

A
d Yogil gﬂig\ikam. Chemical Economics Handbook, “Plastics Additives," Palo

nstitute. A J//\:\
gé’%'ggg.). 2000. Plastics Aﬁ@tyes Handbook (5th Edition). Munich: Hanser Publications
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Appendix 6 - Toxicity of Inputs

i

ABS

v

N

Reproductive / : Bio-
Endoctine .
Plastics Chemical Garcinogens Mutagens g::;:g:{: ental Disruptors :::‘St" :::iszmul
Inputs (muttlp!e fists) {EU CMR List) (EU GMIR List + {E_::)Draﬁ (EU List) | Capacity
CA Prop 65) ! (EU Lisf)
e 2B, N-2, CPES,
ABS Acrylonitrile EU2
Need to know the specific chemicals used, But toxicity data are likely to be absent. For
ABS Alkyisulfonate example, no toxicity data have been evaluated for “godium dodecylbenzene sulfonate-
(antistatic) iodine complex" (CA S# 53467-01-9) {Pesticide %:{Mt?ﬁ etwork, “Pesticides Database -
Chemicals,” 2004). Y
Fatty acid Need to know specific chemival But toxicify dat ﬁfwre likely to be absent. For example, no
ABS, HDPE, amides toxicity data have been evaluated for “die; ahildes of the fatty acids of coconut oif"
PEX, PP (lubricant} (RTECS, 2003). J/‘}Q‘ <
11, N1, CPBS, e W
A P68 N,
BS Benzene £U-1 \\\‘\\\\\%\%2 - %{%
ABS. PP Benzo- Need to know the specific cf \Hilcal used. For example, bis(?f‘ ﬁ%}hyl-amino) benzophenone
' phenones is a NTP-2 and CP$5 car . _ %\\\\"&\7
5 u W
ABS Butadiene, 13 | - N4 OP88 1 gy .
3 \'
_ & Rtmonas
Ve Cadmium (Cd) -1, N1, CP8 'i\\ & ;3{’& /4%' cd, yes; Metal
Compounds EU-2 \\ Cd4 and
A
PVC . ..\}.\},..Lé%} : \%'(
ABS, HDPE 7 K
PEX, PP, PVC 2B, c”‘é%? :
SR
% S
ABS. HDPE oo e, Needtti‘\)%ﬁ.‘g V.3 al. But toxicity data are ikely to be absent. For example, no
Bp ' | amine %}& toxichty data have e, (CAS#;
72 % . &y A5 ) i %

o
%Mfy
AB%@} 1

G
&7

HOR Eth /*%‘
3 ylene Ty
PE n’%\/\ 2 //': ’
\5\;%;,} E?hylene /4 ,
PVC "/ Dichloride
“NEDe)
) \\&\?%\ . Radd
“Falty.acids and 2 Need to know specific chemical, But toxicity data are likely to be absent. For example, no
HDPE, PEX, ester ’/:(toxfcfty data have been evaluated for “fatty acids, coconut oil, sulfoethyl esters, sodium
PP {antis %‘15;» AT salts (CASH 61789-32-0) (RTECS, 1997).
lubricantyd
R Tha US EPA, TSCA New Chemlcals Program, concluded in 2001 that the category
“Mindered Amines” Is “at present not well defined.” Health concerns for the category,
Hindered amine | #ceording to the EPA are based on data submitted for Tinuvin 144 and Chimassorb 944;
ABS, PP light stabilizers | ‘The dala Indicata that these hindered amines, and presumably hindered amines similar in
(HALS) struciure, are toxic to the Immune system, liver, blood, the male reproductive system, and
the G.I, tract” (US EPA, 2001). However, HALS are not listed by either the EU or Prop 65 as
reproductive/developmental toxicanta.
EU-1 {selected
PVC Lead 128, CPE5 ;f::mj:;-" [CPES Metal
Compounds -fead, only no
compounds
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Reproductive / : Bio-
Endocrine " |
. Chemical Carcinogens Mutagens Dev_elopmental Disruptors Persist- ) accumu
Plastics inputs (multiple lists) | (EUGMR List) | joXicants (EU Draft | S7Ce ative
. {EU CMR List + List) {EU List) | Capacity
CA Prop 65} {EU Lisf)
PVC Organofins EU-1 Metal
Paraffin Limited carcinogenicity siudles have been done on paraffin (CAS# 8002-74-2) fumes, but
PVC : none of the lists assessed here include parafiin as a carcinogen.
{lubricant} .
ABS, HDPE, Phenolics Need to know the specific chemical used. For exémple Bisphenol A (CAS #: 80-05-T} Is a
PEX, PP (antioxidant) Category 1 endocrine disruptor in the EU.
N Need to know specific chemical. But toxicity data ﬁé}.fkeiy to be absent. For example, no
ABS, HDPE, Pho;: p}_utes chronic toxicity data are available for “bls{?-etfy/y 7 /-ﬁ} phosphite” (CASH: 3658-48-8)
PEX, PP {antioxidant) (RTECS, 1997). N
PP Propylene [ l
Quaternary No chronle toxicity data available (RTEG pre Is evidence that these
PVC ammonium compounds can cause occupaﬂona!,asm’ma (Purohlt; riai 2000}
compounds K
Styrene
ABS Monomer h28 ¢
ABS. PP Thioesters Nead to know specific c\\v // al. But toxioitysdata likely to be ab% {gﬁ .¢., o chronic
' (antioxidants) | toxicity data avallable for “igsthy! demetaqj\ foester” (CASH: 919-86:0) (RTECS, 1997).
. Vinyl Chloride | 11, N-1, CP6S, @:}ﬁ» ‘
Monomer(VCM) | EU-1 g
ABS, HDPE, Zinc stearate
PEX, PP (lubricant}

Carcinogen abbreviations

Reproductive / b

b S Intemat}

i-1: Ca\/
2é{§)\>

"N Nat:on X
1 Kno %
/ ‘\easona

“EU": Buit
1: Categdr

2: Categor@\

: %\\"EU CMR List"™: E@ean Union Consohdated List of C/M/R [Carcinogen/Mutagen/Reproductive toxicant]

//\S\taances
\V‘ mental Tomcm{ts
Li st" % é/%pean Union Consolidated List of C/M/R Substances”

mg} 3 Propositson 68 - Chemicals known to the state to be developmental / reproductive toxicants

“

"cpss"”

Endocrine Disruptors

/fﬁ\ S,
genc 87

enic to hit)
bly carclnoge{\ r?to humans ‘
rbly carcmoge mto humans %

2
g

lcoiog

"c Rev/ 5/ kﬁgmsa 5
dn Unio ’l.cﬁ &ohdated List of C/MIR Substances

%9 i{Health angﬁxyman Services Dept., Public Health Service, NIH/INIEHS
¢$

A%\? ipated to be \néh///

pfosition 85 - Chemicals Known to the State fo Cause Cancer

l/ﬁg///’\

European Union (EU) "Candidate List of Substances” {2000)
“EU-1": Gategory 1: At {east one study providing evidence of endocrine disruption
"EU-2": Category 2: Potential for endocrine disruption

Persistence & Bioaccumulative Capacity

Swedish National Chemicals Inspectorate {(Keml)
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Appendix 7 - Performance Comparison of Pipe Plastics

v

Comparative Technical Data for the Pipe Plastics ®

|

e (2o [CPmat  [Seamstn, (omeressive [Temparaure |femprature iingin Eogtoly,
g:a stic (ASTM E",Ea"sm“' ?:’S‘ZTM (psi) ‘ Pressure Non pressutre %fé'.)rm 5;68'!?;!}
3 792) ( ASTM D69s) |[D638) (ASTM D 695) |lapplications applications D 790) D 638)

fPve  I[138 50 7000 |[o.500 158 179 (21.GPVO)_|[14,500__ || 4.5
[HoPE Jo.95 130 2300 3600 140 ol 2,000 0.20

ABS |1.04 101 5500 |7.700 158 NS 10,000 |]34

PEX" |[0.95 141 3,900 210 ;_ﬂ!zf?fﬁ@ 15,000 |[1.5

PP st &8 4900 |I8,500 180 . 194 8,500 15

‘ i
The following tables provide an overview of important des/i)’gr‘i’“ nd operationa
plastics in various pipe sectors:

X

| considerations for the

8

Y
Water and Pressure Sanitary N
PVC RBS* | PEX" . HDPE PP+
rabili G 1 T

Dy ty é‘/ 2 G
Joint it G . Bz

oint integrity A%\\\\ 5, E

ressure ratin [ G % G
d S h %\ b A

51 ista \/ D
Abraslon resistance J-%g‘*ff& A %} ] g WY élig/,g@’ E
Chemical reslistance y %}3 %NIA 39:‘; é‘\\% data E E
*ABS is not generally used\fo pressure ap;ﬁi ations., /@x\
** DD is widel avallabi%uro e, buf ustﬁe inning to be mazketed in Morth America.
HDPE™ | PP™
e
Durabltig/ G
Join'bigte rit E E
Q\\ y

Pressurais gﬁng G G

b sta ce No data E o data
Abrasion res\\\\\ i \\\é da N/A N
Chemical resistanc Giw G N/A E E

Y

* Thie flexibility and ozhar{comigeratmns preclude the use of PEX for use In this sector.
~HDPE is not generally dsedifor this application. PP is just beginning to be marketed in North America

S

82 8 national Resource Council of Canada website hitp:flirc.nre-cnrg.ge.calehdichd220e himl
89 hito: ffwwaw, vanguard.cafproductsicanplumb pdf

59 guggested Temperature Limits for the Operation and Instailation of Thermoplastic Piping in Non-Pressure

Apphcatmns TN- 11!99
Vanguard pipes

IIWWW, iasﬂc ine.or

dffpubsinotes/TN11-89.PDF

" Suggested Temperature Limlts for the Operation and !nstaltaton of Thermoplastxc Piping in Non-Pressure
-89

Applications TN-11/98
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Sanitary Sewer (Gravity)

PVC ABS PEX* HDPE PP
Durahility G G NIA G G
Joint Integrity G G N/A G G
Pressure rating G P N/A G G
"Abrasion resistance G No data N/A E é@%& E
Chemical resistance G G N/A ' / E

QY

* The flexibility and other considerations preclude the use of PEX for Sanitaryg} Wi

** pP sanitary pipe is widely available in Europe but just beginning to be mgggg(t_ d i / rth America
&
Storm Sewer‘
PVC
Durabitity G
Joint integrity G
Pressure raing G
Ahrasion resistance G !
Chemical resistance G

(e
*ABS is not generally available for Storm Sewer Appj; aglons. T . %
** The flexibil d oth id reclud ﬂf i PEX i

e flexibility and other consi eratga ons preclude se 0 % \%ewe

B s generally not marketedvfcﬁgya

HDPE ppr
Durability G G
Joint integ}%ﬁ%’%ﬁ A E E
Pressur“m' ing G G
Abrgg\i. \Q resistance = No data
Chemic} NIA E E

* The ﬂexlblilty"‘ other cons:deréﬁ“‘ns preciude the use of PEX for use in this sector.
“*ARS is gene/i ot used for irr éyon and dratnage app!:caflons

= While PP is fr g}e,ntly used I‘c>§9

pipes N LN

as in this market it is not typically used for irrigation or drainage

As these tables demonstrate ABS and PEX have particutar niche markets and the rest of the plastics are
competitive across applications from a performance perspective.

References for rankings in tables:
o Chemical resistance: hitp:/firc.nre-cnre.ge.ca/chd/ichd220e him!  reference for
o Abrasion and chemical resistance hitp/fwww.cheresources.com/plpipezz shim}

o Joint integrity and durabilify and chemical resistance and abrasion
hitp:f an.ec.ge.calwater/greatlakes/data/chlor-alkali
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Appendix 8 - Glossary of Abbreviations

ABS Acrylonitrile-butadiene-styrene

ASTM American Society for Testing and Materials

Cd Cadmium

CMR Carcinogen, mutagen or reproductive toxicant

CPVC Crosslinked polyvinyl chloride

DBP Dibutyl phthalate .

DEMP Di(2-ethylhexy!) phthalate PN

Dwv Drain-waste and vent g

EDC Ethylene dichloride

EU European Union

HDPE High density polysethylene

Hg Mercury

IARC Internationat Agency for Research on Cance

LCA Life Cycle Assessment

LDPE Low density polyethylene

LLDPE Linear low density polyethylene 4,

OSPAR | Oslo-Paris Convantion for the Protectionid orth East
Atlantic - \;\

PAH Palyaromatic hydrocarbon

Pb Lead '

PBT Persistent Bioaccumulativel

pCB Polychlorinated biphenyls

pCcp Pentachloro-phenol

PET or PETE Polyethylene terephthaiate

PEX Cross linked ene >

POP Persistent or&?{lc pol }}nt Y

PP Polypro oyl .Y

pPvVC POIW!F\%\%ﬁOHdG ' é} /%%

Stockholm Stockhtﬁm\(:onvennm}}g nPersistent O}’@%mc Pollutants

E;/} i

TRI Toxic Releas invent‘:, { %
USEPA \}1 te St aéé% VK‘ en ’a%g%{gg sAgency
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